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Editorial Science and Art 


Articles Organization of Science in the United Kingdom: E. S. Hiscocks 


There are significant differences as well as similarities between national 
science patterns in the United Kingdom and the United States. 


Organization of Scientific Activities in Norway: R. Major 


Government, industry, and research have joined forces to develop the 
country’s research capacity. 


Spectroscopic Evidence of Metabolic Control: B. Chance and B. Hess 


Rapid measurements of intracellular events afford new evidence on 
mechanisms for metabolic control. 


News of Science Science Advisory Committee’s Recommendation for Science Council Being 
Implemented by Executive Order; recent events 


Book Reviews’ __L. W. Martin’s Peace without Victory, reviewed by H. Stout; other reviews 


Incidence of Familial Hyperlipemia: K. Hirschhorn et al. ..............2-0005- 


Predaceous Feeding in Two Common Gooseneck Barnacles: 
G. K. Howard and H. C. Scott 


Structural Correlation between Esterase and Protease Activities of Trypsin: 
L. Augenstine 


Lack of Abnormal Hemoglobins in Alaskan Eskimos, Indians, and Aleuts: 
PENI OCOUE CE Bb lek eee ian k UA hl etaews Sdeatlodewane 


New Method for the Rapid Determination of Lathyrogenic Agents: B. M. Levy .... 


Effect of Ultraviolet Light on Pectolytic Enzyme Production and Pathogenicity 
of Pseudomonas: B. A. Friedman and M, J. Ceponis 


Intracellular Impulse Conduction in Muscle Cells: L. D. Peachey and K. R. Porter 


Departments Letters 


Biological Exhibits at Geneva; Meeting Notes; Forthcoming Events; Equipment ... 
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Your scientists and 
engineers now benefit from 
electronic computation without 


becoming computer specialists! 








How to get increased research and engineering 


productivity without increased manpower 


Electronic computation in the right hands. The 
lowest-priced complete computer you can buy, the 
Royal Precision LGP-30 enables both present and 
new computer users to bring electronic computa- 
tion to a level where it does the most good. No 
longer do you need a group of highly-specialized 
computer men. The compact, mobile LGP-30 plugs 
into any convenient wall outlet without expensive 
installation or air-conditioning ... puts electronic 
computation in the hands of your own research and 
engineering specialists... greatly increases their 
available creative time and productive output. 


Short break-in time; fast answers. Although the 
LGP-30 gives you memory (4096 words) and capac- 
ity comparable to that of computers many times its 
size and cost, it is by far the easiest computer to 
learn and program. Answers are printed out di- 
rectly — require no deciphering. Result: because 
the people qualified in your specific field are given 
access to the computer, you get an almost imme- 
diate increase in productivity. At one LGP-30 in- 
stallation, for instance, an output of 34 engineers 
has been attributed to a staff of only four. 


Elimination of tedium; increased quality. A survey 
of your research and engineering work would un- 
doubtedly show much of it to be of a routine nature 


—the repetitive calculations known to be deadly to 
the morale of highly-trained personnel. In fact, one 
research organization estimates that creative think- 
ing and routine calculation are usually found in the 
ratio of 1 to 9. Using the LGP-30, your engineers 
can eliminate the tedious 9 parts out of 10... can 
not only increase output per man but, equally im- 
portant, improve the quality of the work produced. 


Maximum results; minimum cost. Successfully em- 
ployed in well over 200 installations, the LGP-30 
is available on either a sale or rental basis . . . gives 
you the opportunity to investigate electronic com- 
putation without the attendant burdens of high cost 
and complexity. Backed by 20 years of electronics 
experience, LGP-30 sales and service are available 
through Royal McBee offices coast-to-coast. Train- 
ing is free—as well as membership in an active 
users organization. A complete library of programs 
and sub-routines is available. 


Write today for complimentary brochure. To dis- 
cover more fully how the LGP-30 can serve your 
engineers and your organization, call your nearby 
Royal McBee Data Processing Representative, or 
write Royal McBee Corporation, Data Processing 
Division, Port Chester, N. Y. for illustrated bro- 
chure. In Canada: 179 Bartley Drive, Toronto 16. 


ROYAL MCBEE > @2ia processing division 
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VECTOR SPACE 


and its application in 
crystal-structure investigation 


By Martin J. Buerger, Massachusetts Institute of Tech- 
nology. Buerger reports fully on the increased importance 
of using vector space as a relatively easy solution of the 
phase problem normally encountered in the study of the 
arrangement of atoms in crystals. Whereas the subject is 
described only briefly in general works, this book is unique 
in that it deals exclusively with the theory of vector space 
and its application in crystallography. 1959. Approx. 350 
pages. Prob. $17.50. 


BIOPHYSICAL SCIENCE: 
A Study Program 


Planned and edited by J. L. Oncley, Harvard Medical 
School; F. O. Schmitt, Massachusetts Institute of Technol- 
ogy; R. C. Williams, University of California; M. D. Rosen- 
berg and R. H. Bolt, both of the National Institutes of 
Health. With 49 contributors. 

Based on the study Program in Biophysical Science, re- 
cently conducted by the National Institutes of Health, this 
book contains compact summaries of certain key problems 
in the field, relating the concepts and methods of physical 
science with those of life science in the investigation of 
biological problems. 1959. In Press. 


IMMUNITY AND VIRUS INFECTION 


Edited by Victor Najjar, M.D., Vanderbilt University 
School of Medicine. Contains latest research contributions 
in immunology and virology as presented at a symposium, 
held at Vanderbilt University School of Medicine and 
sponsored by the National Foundation for Infantile Paraly- 
sis, Inc. This research report stresses the problem of the 
immunology and epidemiology of poliomyelitis as influ- 
enced by killed and live virus vaccine. 1959. 262 pages. 
$10.50. 


COMPARATIVE ANATOMY 


By William Montagna, Brown University. Written sim- 
ply and clearly, the book stresses major principles of com- 
parative anatomy, organogenesis, and embryology. 1959. 
397 pages. Prob. $6.00. 


ENVIRONMENTAL CONSERVATION 


By Raymond F. Dasmann, Humboldt State College. An 
ecological approach to conservation of complete environ- 
ments rather than conservation of isolated resources. 1959. 
307 pages. $6.50. 


ASTRONOMY 


By Theodore G. Mehlin, Williams College. This book 
makes the great sweep of Astronomy codes from the 
beginning. Chapters deal with instruments and light, the 
life story of a typical star, binary stars, and intrinsic vari- 
ables. The author also presents a comprehensive picture of 
the metagalaxy and the solar system. 1959. Approx. 400 
pages. Prob. $7.75. 


LABORATORY MANUAL FOR 
GENERAL BACTERIOLOGY 
Fifth Edition 


Compiled by George L. Peltier, Carl E. Georgi, and the 
late Lawrence F. Lindgren, all of the University of Ne- 
braska. The 3rd and 4th editions of this book have been 
used in over 225 universities and colleges. The fifth edition 
features new questions at the end of each exercise; intro- 
duces new laboratory gre in the exercises on flagella 
and the wet mount of bacteria; and includes a completely 
revised section on the microscope. 1959. In Press. 


THE STRUCTURE OF 
ELECTROLYTIC SOLUTIONS 


Edited by Walter J. Hamer, National Bureau of Stand- 
ards. Discusses the early history, background and recent 
contributions to the structure of electrolytic solutions. The 
material is based upon an international symposium con- 
ducted by the Electrochemical Society and co-sponsored by 
the National Science Foundation. 1959. Approx. 468 pages. 
Prob. $18.50. 


PLANTS AND ENVIRONMENT: 
A Textbook of Plant Autecology 
Second Edition 


By R. F. Daubenmire, State College of Washington. Re- 
vised and — to include atmospheric pollution by 
smog and hydrogen fluoride, evaluation of stoniness of the 
soil, significance of dew for plants, new concepts of 
evapotranspiration, shielding of precipitation gages, urban 
microclimate, and frost-churning of soil. The last three 
chapters (The Fire Factor, The Environmental Complex, 
por Ecologic Adaptation and Evolution) have no counter- 
Part in other ecology texts. 1959. Approx. 425 pages. Prob. 
$7.00. 


OUR MINERAL RESOURCES 


By Charles M. Riley, Humble Oil and Refining Co., for- 
merly of the University of Nebraska. Using a minimum 
amount of scientific terminology, the book surveys impor- 
tant theories and useful facts. 1959. Approx. 352 pages. 
Prob. $6.95. 


Send for examination copies. 


JOHN WILEY « SONS, Inc. 


440 Fourth Avenue, New York 16, N.Y. 
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YOU'RE NEVER 
IN DOUBT 
WHEN IT’S 


“ qlconor- . 
clean: 


In the laboratory or hospital, just 
“clean” isn't good enough. Make sure 
your glassware and equipment are 
“ Alconox-Clean.” 


Proven best by test* for over 20 years! 
* for wetting power! 

* for sequestering power! 

* for emulsifying effect! 


Use ALCONOX 
For all equipment 
washed by hand 
Box of 3 Ibs...... $1.95 
Case of 12 boxes — 

3 Ib. ea.. .$18.00 
Available in drums of 25, 
50, 100 and 300 Ibs. at 
additional savings! 

(Prices slightly higher 
West of the Rockies) 

















ALCONOX INC 


SAVE TIME ————-~ 
AND MONEY! 


“* ALCONOX 


The World’s Most Thorough Cleaner — 
Yet it costs up to 75% less! 


Eliminates tedious scrubbing — 
Penetrates irregular and inacces- 
sible surfaces — Removes dirt, 
grease, grit, blood, tissue, etc. 
with amazing ease — Completely 
soluble and rinsable — Gentle to 
the skin — 





* xiii 
Use ALCOJET 


™ For all equipment 
washed by machine 

Box 5 Ibs...... $3.00 

Case of 6 boxes — 

5 Ibs. ea.. .$15.00 
Available in drums of 
25, 50, 100 and 300 
Ibs. at additional 
savings! 
ent ~ >| (Prices slightly higher 
| West of the Rockies) 


Clean Pipettes in one 
easy operation with 
ALCOTABS — for all pi- 
pette washers. Box of 
100 Tablets..... $5.00 


Order from your Supplier 
or ask him for samples. 


ALCONOX,.%.. 


853 Broadway, New York 3, N.Y. 








Letters 


Vertebrate Metamorphosis 


Biological teaching in its manifold as- 
pects emphasizes cyclical development 
in nature. In his article George Wald 
gives interesting details, supported by 
chemical evidence, of two opposed meta- 
morphoses in fishes, one bringing a fish 
to maturity, the second one returning it 
to its natal environment [Science 128, 
1481 (1958)]. He admits that in land 
vertebrates physiological changes of the 
second type do not take place but con- 
tends that the entry of a single repre- 
sentative cell, the spermatozoon, into the 
womb is an analogous event, leading to 
the completion of the life cycle of such 
animals in water. 

This appears to be open to question. 
What I find far more objectionable, 
however, is his use of a Biblical quota- 
tion, which is cut short, obviously to lend 
support to his thesis. To Nicodemus’ 
question as to how a man could be re- 
born, “can he enter the second time into 
his mother’s womb, and be born? Jesus 
answered, Verily, verily, I say unto thee, 
Except a man be born of water . . .” 
(this is where Wald leaves off). How- 
ever, the sentence continues: “. . . and 
of the Spirit, he cannot enter into the 
kingdom of God.” Nobody who knows 
anything at all about Christian teaching 
would believe that Jesus is talking about 
physical rebirth. He is solely concerned 
with spiritual conversion. 

To prevent misrepresentation of this 
kind in the future, I believe it would be 
wise for the editors of Science to check 
carefully on authors’ use of references 
from fields other than their own. 

Pau. H. Koprer 
Biology Department, 
Washburn. University, Topeka, Kansas 


Quantitative Gram Reaction 


The semiquantitative evaluation of 
the Gram reaction reported by T. Mitt- 
wer (J) is based on applying small 
amounts of stained and iodinated sus- 
pensions of bacterial cells as spots to 
filter paper, as in paper chromatographic 
techniques. The resulting streaks of crys- 
tal violet are compared for length, as it 
is assumed that variation in length de- 
pends upon the degree of Gram staining 
behavior, the most Gram-positive species 
showing the longest streak. 

In principle Mittwer’s method appears 
to be a suitable one. However, his stain- 
ing of bacteria with an overdiluted crys- 
tal violet solution (0.1 percent) reduces 
the relevance and reliability of his evalu- 
ation of the degree of Gram-positive be- 
havior. This is especially so since, as 
Barbaro and Kennedy have conclusively 





demonstrated, an increase in dye concen- 
tration is accompanied by a differential 
dye uptake between Gram-positive and 
Gram-negative bacteria (2). These au- 
thors used 10-percent solutions of crystal 
violet in accordance with the recom- 
mended range (1 to 10 percent) of the 
Gram staining procedure (2). My model 
experiments also illustrate the fact that 
uptake of crystal violet by proteins can 
be substantially increased by raising the 
concentration of the dye. For example, 
in 10 minutes 1 mg of casein and 1 mg 
of iodinated casein take up 1.7 and 
2.6 ug, respectively, of crystal violet 
from a Tris-buffered (pH 7.2) 10-5M 
dye solution at 20°C; a sixfold increase 
in dye concentration raises the previous 
values to 4.2 and 7.2 ug, respectively, 
The data were obtained with the aid of 
a Perkin-Elmer Spectracord spectropho- 
tometer at H,O=595 mu. If, however, 
we deal with bacteria rather than pro- 
teins, a suboptimal range of 0.1-percent 
in dye concentration must be considered. 
In and below that critical range the dif- 
ferential in crystal violet uptake between 
a Gram-positive and a Gram-negative 
organism ceases to exist (3). 

Finally, it should be pointed out that 
a semimicro method for measuring the 
degree of Gram-positive staining be- 
havior of bacteria and other biological 
material has been published (4). We 
used a concentration of 1-percent crys- 
tal violet and a chromatographic tech- 
nique, separating the total amount of dye 
taken up by bacteria into compact spots; 
then the spots were eluted, and their dye 
content was quantitatively determined 
with a spectrophotometer. 

RoLanD Pecan 

Ohio State University Health Center, 
Columbus Psychiatric Institute 
and Hospital, Columbus 
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Roland Fischer’s comment appears to 
be based upon my use of an “overdi- 
luted” solution of crystal violet. It is true 
that an increase in dye concentration can 
be correlated with an increase in “dye 
uptake” by a constant amount of bac- 
terial cell material, with the time of con- 
tact constant (1). However, no reduction 
in the reliability of my method should 
result from the use of 0.1-percent dye so- 
lution, since numerous tests have estab- 
lished the validity of this concentration 
in routine qualitative Gram differentia- 
tion. Such tests can be confirmed by any- 
one in a few minutes. In fact, a rather 
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3 mev Van de Graaff accelerator — 
typical of advanced equipment used by 
Lockheed research scientists. 


Lockheed Missiles and Space Division is engaged in a broad, 
long-range program of basic scientific research at its Research 
and Development Laboratories in the Stanford Industrial 
Park at Palo Alto, California. Its modern facilities include a 
3.5 mev Van de Graaff accelerator; a variety of shock tubes; 
extensive equipment for plasma and spectroscopic research; 
and one of the most modern computing centers in the nation. 
The Division was honored at the first National Missile Indus- 
try Conference as “the organization that contributed most 
during the past year to the development of the art of missiles 
and astronautics” and has several of the country’s major 
programs under development. 

A group of over fifty physicists is presently engaged in 
research and the fundamental investigation of problems in 
the following areas: 

Nuclear Physics: Including the measurement and theory of 
nuclear cross sections; B-ray spectroscopy; theory of nuclear 
structure; reactor physics. 


Weapon System Physics: The phenomenology and effects 


PHYSICS 


Expanding 


the Frontiers 


Technology 





of Space 


“Hot cell,” for advanced 
radiation research in the 
nuclear physics laboratory. 


of atomic weapons, including laboratory simulation of radi- 
ation. 

Space Physics: The study of the earth’s upper atmosphere 
and beyond, including solar-terrestrial interactions. 


Plasma Physics: The theoretical and experimental study of 
transport properties; micro-wave diagnostics; and magneto- 
hydrodynamics. 


Atomic Physics: Mass spectroscopy; theory and measure- 
ments of low energy interactions. 


Members of the technical staff have every opportunity to 
participate in the initiation of advanced technological develop- 
ments. The company encourages and sponsors individual 
communication with other scientists, the publication of papers 
and articles, and participation in symposiums and conventions. 

If you have an advanced degree in physics, you are invited 
to join us in one of the most interesting basic scientific research 
programs in the nation. Write: Research and Development 
Staff, Dept. C-44, 962 W. El Camino Real, Sunnyvale, Calif. 


“The organization that contributed most in the past year to the advancement of 


the art of missiles and astronautics.”’ NATIONAL MISSILE INDUSTRY CONFERENCE AWARD 


Research and Development facilities in the 
Stanford Industrial Park at Palo Alto where 
much of the work in physics is conducted. 


SUNNYVALE, PALO ALTO, VAN NUYS, 


L he fa a / SANTA CRUZ, SANTA MARIA, CALIFORNIA 
OC. 4-4 MISSILES AND SPACE DIVISION / CAPE CANAVERAL, FLORIDA 


ALAMOGORDO, NEW MEXICO 



















It’s great to be proud of 
the place you work 


A MAN misses a lot if his job means only a pay- 
check. He ought to be excited about the work he’s 
doing. He ought to feel proud of his company — 
of its past achievements, its current projects, its 
future. 

That’s the way our engineers and scientists feel 
at Autonetics. They’re young men. Most of them 
got their BS since 1948. In ten memorable years 
they have made their company a leader in elec- 
tronics and electromechanics. 

Today there is room for engineers and scien- 
tists who want to share the unusual creative prob- 
lems that lie ahead—in inertial navigation, dig- 
ital computers, armament control, flight control, 
and a host of special military and commercial 
products. 

If you’d like to join Autonetics, please send 
your resume to Mr. F.C. Benning, 9150 East 
Imperial Highway, Downey, California. 


Autonetics 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 


Downey, California 


Among the achievements of Autonetics’ young men: the first 
successful airborne all-inertial navigation system... first navi- 
gation system accurate enough to guide the USS Nautilus and 
Skate on their historic voyages beneath Arctic ice... first 
successful automatic star tracking by an inertial navigation 
system during daylight flight... first completely maneuver- 
able, inertially stabilized gyro platform... first successful 
completely automatic landing system for supersonic missiles 
and aircraft... first transistorized portable digital computer 
with “big computer” capabilities. 
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Eart J. Scueraco, Advertising Representative 


SCIENCE, which is now combined with THE 
SCIENTIFIC MONTHLY, is published each Fri- 
day by the American Association for the Advance- 
ment of Science at Business Press, Lancaster, Pa. 
The joint journal is published in the SCIENCE 
format. Entered at the Lancaster, Pa., Post Office 
as second class matter under the Act of 3 March 
1879. SCIENCE is indexed in the Reader’s Guide 
to Periodical Literature. 


Editorial and personnel-placement correspond- 
ence should be addressed to SCIENCE, 1515 
Massachusetts Ave., NW, Washington 5, D.C. 
Manuscripts should be typed with double spacing 
and submitted in duplicate. The AAAS assumes no 
responsibility for the safety of manuscripts or for 
the opinions expressed by contributors. For de- 
tailed suggestions on the preparation of manu- 
scripts, book reviews, and illustrations, see Science 
125, 16 (4 Jan. 1957). 

Display-advertising correspondence should be 
addressed to SCIENCE, Room 740, 11 West 42 
St., New York 36, N.Y. 

Change of address notification should be sent to 
1515 Massachusetts Ave., NW, Washington 5, D.C., 
4 weeks in advance. If possible, furnish an address 
stencil label from a recent issue. Be sure to give 
both old and new addresses, including zone num- 
bers, if any. 

Annual subscriptions: $8.50; foreign postage, 
$1.50; Canadian postage, 75¢. Single copies, 35¢. 
Cable address: Advancesci, Washington. 








Science and Art 


The Bulletin of the Atomic Scientists drops its customary business in 
the February issue to search for common ground between science and art. 
Essays by scientists, artists, and critics examine some of the misconceptions 
that scientists entertain about art, and that artists entertain about science. 
Although the problems raised in the exchange are not altogether new, they 
are worth a fresh airing. With science flourishing as never before, we are 
glad to report that a journal, usually devoted to science and its implica- 
tions, stops to consider how the other half lives. 

In one essay, H. W. Janson, professor of fine arts at New York University, 
undertakes to answer a common criticism of modern art, a criticism, more- 
over, that recently took on some scientific authority. Facing an example 
of Abstract Expressionism in a gallery, the museum-goer insists that a child 
or an ape could paint a picture as good as that. Scientific support for this 
contention comes from the Baltimore Zoo. Several years ago, Betsy, an 
obliging chimpanzee, produced some paintings that even art critics found 
practically indistinguishable from examples of nonrepresentational art. 

By way of answer to Betsy and her champions, Janson suspects that if the 
chimp’s paintings have esthetic merit, the keeper, not Betsy, deserves the 
credit. True, Betsy applied the paint to the canvas, and probably to other 
nearby objects as well, but the keeper remained at her elbow. When she 
produced a pattern that seemed to be a passable abstraction, he simply 
relieved her of the canvas. If the keeper had been interested in a portrait 
of himself, he might have had to wait a long time, but even in the task 
of matching nonrepresentational art, the keeper had to wait for what was 
essentially a source of random patterns to produce what he had in mind. 

In another essay, Marston Morse, professor of mathematics at the Insti- 
tute for Advanced Study in Princeton, examines the claim that science 
and art are as different in their concerns as mind and heart. If products 
of these two enterprises are different, the claim runs, then so must be 
the qualities that go into their making. 

As part of his answer to this claim, Morse argues that esthetic judgment 
plays an important role in the construction of scientific theories, and he 
offers some examples from recent work in mathematics and physics. He 
finds that the mathematical representation of observation and experiment 
is not uniquely determined by observation and experiment. Scientists have 
a choice among a multiplicity of mathematical forms, and the forms they 
select depend significantly upon intuitions of simplicity and balance. Per- 
haps that is why scientists, as well as artists, are unable to explain the 
causes of their inspiration. 

All told, the special issue of the Bulletin contains ten essays. Collectively, 
they serve to develop some of the qualities and values that science and art 
share. But the search for common ground does strike an ironic note. The 
irony is that science may now be enjoying greater public esteem than art 
because of properties that it alone possesses. Public support of research 
continues to grow not because people are learning that science begins in 
wonder, but because they are learning that science can end in dollars. 
Possibly the general attitude is: I may not know anything about science, 
but I do know what I like.—J.T. 














OVER 10,000 IN DAILY USE... 
JoB-RATED EXCELLENT™* For 


readings . . 









This low-cost “production tool” gives you quick, dependable photometric 
. easy as tuning your radio! In many industries it’s basic equipment 


for quality control testing, inspection ... even research! Here’s why: 


e DEPENDABLE ACCURACY! Narrow band pass (only 
20mz!) assures highest spectral purity. 


e EASIEST TO USE! Dial instantly sets Certified-Preci- 
sion diffraction grating to desired wavelength; no 
color filters to fuss with. 


Used in these and many other industries 


to maintain quality and boost output: 


METALS RUBBER PETROLEUM FOODS 


PAINTS PLATING LEATHER DYES — PAPER 


TEXTILES PHARMACEUTICALS SYNTHETIC FIBERS 


PLASTICS 


BEVERAGES 





e FASTEST READING! Instant-acting meter gives exact 
percent transmission, or optical density. 

e LOW PRICE, DOUBLE VALUE! Colorimeter plus spec- 
trophotometer, 375mz-950my range in one long- 
life, trouble-free instrument. (Extended range, 
340mz-950mzu at slight extra cost.) 


MAIL COUPON FOR IMPORTANT DATA 


BAUSCH & LOMB OPTICAL CO. 
64239 St. Paul St., Rochester 2, N. Y. 


| 
| 
(-] Send me B&L Spectronic 20 Catalog D-266. 
| 
| 
| 


oO I would like an obligation-free demonstra- 
tion of the B&L Spectronic 20 Colorimeter 
at my convenience. 
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13 March 1959, Volume 129, Number 3350 


Organization of Science 
in the United Kingdom 


There are significant differences as well as similarities 
between U.K. and U.S. national science patterns. 


In this article I shall not attempt to 
give a detailed picture of the organiza- 
tion of science in Britain but rather to 
sketch in some of the principal features 
of the British setup and to indicate the 
manner in which these differ from, or are 
similar to, the pattern in the United 
States. 

In order to get our sights adjusted I 
should, perhaps, remind you that the 
population and area of the United States 
are about 3.3 times and 38 times, respec- 
tively, the population and area of the 
United Kingdom. 

Unfortunately there are no authorita- 
tive up-to-date and comparable figures 
for expenditure on research and devel- 
opment in the two countries, but in 1957 
expenditure in the United States was 
probably about $7 billion and in the 
United Kingdom, about £350 million. 
Each of these figures is very nearly 1.6 
percent of the gross national product, 
and—although my figures are subject to 
correction—it is, I think, fairly clear 
that, on this basis, the scales of expendi- 
ture on research and development in the 
two countries are of the same order. 

It is when we examine the sources of 
these vast sums that differences emerge. 
In the case of the United States, it is 
probable that about 50 percent of the 
total is government expenditure, whereas 
the corresponding figure for the United 
Kingdom is probably about 75 percent. 
Thus, government looms much larger 
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in the United Kingdom science picture 
than it does here. 

Now let us consider the United King- 
dom picture in somewhat greater detail. 

Industry. Although it can be deduced 
that expenditure on research and devel- 
opment by private industry is signifi- 
cantly less in the United Kingdom than 
in the United States, the pattern and ob- 
jectives are much the same except in one 
important respect (the Research Associa- 
tions), which I will refer to later. 

Government. Here the organizational 
pictures differ from each other; Fig. 1 
gives a highly simplified representation 
of the British organization. 


Defense Research 


The right-hand section of Fig. 1 rep- 
resents defense research. Although de- 
fense research runs away with so much 
of the money, its organization and objec- 
tives are fairly obvious. Defense research 
is, of course, aimed primarily at satisfy- 
ing the requirements of the defense de- 
partments; it is largely concentrated, as 
far as the Navy is concerned, in the hands 
of the Royal Naval Scientific Service 
(this is a civilian service), and as far as 
the Army and Air Force are concerned, 
in the Ministry of Supply, which is a 
civilian department set up during World 
War II to satisfy the requirements of the 
War Office and the Air Ministry. 


CIENCE 


A substantial amount of this defense 
work has important civil applications. 
Examples of this are the work of the 
National Institute of Oceanography, 
which is controlled by the Admiralty; 
the Royal Aircraft Establishment (the 
largest scientific establishment in the 
United Kingdom), which is controlled 
by the Ministry of Supply; and the Me- 
teorological Office, which is controlled 
by the Air Ministry. 


Civil Research before 1914 


Although the association of govern- 
ment and science in the United Kingdom 
goes back for some hundreds of years, 
official interest in science before the pres- 
ent century was confined almost wholly 
to the direct requirements of the admin- 
istration or the defense of the realm. 
Thus, in 1675, Charles II established the 
Royal Observatory at Greenwich, so that 
tables of the position of the moon and 
the fixed stars could be corrected “for 
the use of his seamen.” The Geological 
Survey was founded in 1835, and the 
Meteorological Office, in 1854, but it was 
not until the closing years of the 19th 
century that the Government was made 
to realize that science had something to 
contribute to the general welfare of the 
nation. 

This came about, at least in part, 
through the efforts of the British Associ- 
ation for the Advancement of Science, 
which asked itself why Germany was be- 
ginning to oust the United Kingdom as 
the foremost manufacturing nation in 
Europe and decided that one reason, at 
least, was that the German Government 
was supporting scientific work in such 
establishments as the Physikalische Tech- 
nische Reichsanstalt. After some years 
of agitation and negotiation, a small 
grant of government money and Queen 
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Victoria’s agreement to the use of Bushy 
House were obtained to enable the Royal 
Society to found the National Physical 
Laboratory. This laboratory came into 
being on 1 January 1900 (and was, by 
the way, followed by the third great 
standards laboratory—your National Bu- 
reau of Standards—about 1% 
later). 

(The British Association, which is our 
equivalent of the American Association 
for the Advancement of Science, has, by 
the way, during its 127 years of life, 
played an important part in keeping the 
country informed on the aims and 
achievements of science. Man has re- 
leased vast forces of nature which he is 
still struggling to control. An understand- 
ing of these and of the possibility of 
using them for the benefit of mankind 
is necessary for every thinking person 
who wishes to understand the contempo- 
rary scene. ) 


years 


Although the formal terms of refer- 
ence of the National Physical Laboratory 
covered only the testing of instruments 
and materials, a strangely prophetic 
speech was made by the Prince of Wales 
(later King George V) in 1902, at the 
opening of the laboratory’s then new en- 
gineering building, when he said: 

“I believe that in the National Physi- 
cal Laboratory we have the first instance 
of the State taking part in scientific re- 
search. The object of the scheme is, I 
understand, to bring scientific knowledge 
to bear practically upon our everyday in- 
dustrial and commercial life, to break 
down the barrier between theory and 
practice, to effect a union between sci- 
ence and commerce.” 

Although we are now familiar with 
such ideas, they were quite revolutionary 
57 years ago. From 1909 on, however, 
the Government assumed a wider re- 
sponsibility for promoting and encourag- 
ing scientific research, and since that 
time the form and extent of government 
assistance have been adapted to meet the 
rapidly changing conditions in industry 
and education. Even so, the Government 
worked mainly through grants to com- 
mittees and learned societies until the 
importance of scientific research was em- 
phasized by the lessons of World War I. 


General Coordination of 


Government Research 


Before the emergence of cabinet gov- 
ernment in the 18th century, the chief 
source of executive power in Great Bri- 
tain was the Privy Council. The Privy 
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Council Office still exists and is con- 
trolled by a senior cabinet member, the 
Lord President of the Council. When re- 
search councils were established they op- 
erated under committees of the Privy 
Council, and we have a situation in 
which the Lord President, who is, there- 
fore, responsible to Parliament for the 
work of the research councils, has come 
to be regarded as having a general over- 
sight of scientific matters. 

At the end of World War II, the Gov- 
ernment established an Advisory Coun- 
cil on Scientific Policy to advise the Lord 
President on his various scientific respon- 
sibilities. The Minister of Defence is ad- 
vised by a parallel committee—the De- 





fence Research Policy ‘Commiittee—and ‘+ 


some members are common to the two 
committees. 


Civil Research after 1914 


In 1916, the Department of Scientific 
and Industrial Research was established 
as a separate government department. 
Financial control of the National Physi- 
cal Laboratory was transferred to this 
department, although the “management” 
of the laboratory’s scientific work still 
remains the responsibility of the Royal 
Society. The Department of Scientific 
and Industrial Research now has ‘14 re- 
search stations (for example, Geological 
Survey, Road Research, and Radio Re- 
search) and is associated with the setting 
up and operation of 46 industrial Re- 
search Associations. It also administers 
an Overseas Liaison Division, which 
services the scientific attaché program. 
Hence, my administrative base is the 
Department of Scientific and Industrial 
Research, although I do not by any 
means spend the greater part of my time 
on matters of concern io that depart- 
ment. 

The Department of Scientific and In- 
dustrial Research is a full department 
of state and operates directly under an 
executive council known as the Research 
Council. The department’s senior officers 
are scientists, and all its secretaries (the 
title by which the permanent heads of 
most British Government departments 
are known) have, with the exception of 
the first, been eminent scientists such as 
Sir Henry Tizard and Sir Edward Apple- 
ton. There is no strict parallel to this 
department in the American scientific 
scene, although the National Science 
Foundation fulfills here many of the 
functions of the Department of Scientific 
and Industrial Research in the United 





Kingdom; however, the National Sci- 
ence Foundation does not run its own 
laboratories. 

One factor in the operation of the de- 
partment is of particular interest. It 
works on a quinquennial basis in regard 
to financial and staff allocations, because 
it is recognized that a year is now an 
insufficient period of time for the suc- 
cessful planning and completion of sci- 
entific work and for the manufacture of 
expensive research tools—for example, 
the National Physical Laboratory ship 
tank. 

The Medical Research Council and 
the Agricultural Research Council were 
created in 1920 and 1931, respectively. 
‘Fhese councils ‘also operate laboratories, 
maintain research units at universities, 
and make research grants. They differ, 
however, from the Department of Sci- 
entific and Industrial Research in that 
they obtain their funds by grant-in-aid 
and not on a direct parliamentary vote. 
This means that the councils have con- 
siderable freedom within the limits of 
total funds made available and that they 
are not subject to direct departmental 
control. 

Many of the executive departments 
of state have scientific advisers, and some 
operate their own laboratories—for ex- 
ample, the Post Office and the Home 
Office (the counterpart of the U.S. De- 
partment of the Interior). 


Atomic Energy 


Prior to 1957, the Lord President was 
also responsible to Parliament for atomic 
energy policy in general. In April 1957, 
the Lord President’s responsibility was 
transferred, by Order in Council, to the 
Prime Minister. The development of new 
sources of energy for peaceful purposes is 
of the highest economic importance in 
the United Kingdom because of our lack 
of indigenous fuels. 

Research on both civil and military 
applications of atomic energy is carried 
out in the main by the Atomic Energy 
Authority itself. The Authority, which 
was established as a public corporation 
by act of Parliament in 1954, has quasi- 
governmental status and is subject to 
broad but not day-to-day government 
control. 

Thus we now have the following situ- 
ation: 

1) The Lord President, a senior mem- 
ber of the Cabinet, is responsible for the 
formulation and execution of govern- 
ment scientific policy; for the operation 
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of the three research councils respon- 
sible for agricultural, medical, and sci- 
entific and industrial research, respec- 
tively; and for operation of the nature 
conservancy program. 

2) The Prime Minister has himself 
assumed responsibility to Parliament for 
atomic energy policy in general. 

3) Other ministers have responsibility 
for the scientific establishments within 
their own departments. 

4) The advice of the research councils 
is at the disposal of the executive depart- 
ments, and there is close liaison between 
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them, but the research councils are not 
subject to departmental control. 

In view of suggestions, both in the 
United Kingdom and in the United 
States, favoring the setting up of min- 
istries of science, a recent comment by 
Lord Halsbury regarding the United 
Kingdom is of interest. He stated that, 
since the cost of government science is 
small in relation both to its importance 
and to the over-all budget, there are good 
arguments for making it a part-time re- 
sponsibility of a senior member of the 
cabinet rather than the whole-time re- 
sponsibility of a junior member. 
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Fig. 1. British governmental organization for scientific research. ACSP, Advisory Council on 
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Scientific Civil Service 


So much for the organization in Gov- 
ernment. Now, what about the people 
who do its scientific work? In the main, 
this falls to the Scientific Civil Service. 
Although scientists have been employed 
in the civil service for many years (I my- 
self have been a scientist in the civil 
service for 30 years), the Scientific Civil 
Service, as such, came into being only in 
1946. It was created so that reasonable 
uniformity in standards of qualification, 
performance of work, promotion pros- 
pects, and so on could be achieved. Re- 
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cruitment to established posts is through 
the Civil Service Commission’s Scientific 
Branch, which acts as a recruitment and 
qualifying agency but does not, as does 
its counterpart in the United States (I 
believe), deal with rates of pay and con- 
ditions of service. These are the province 
of the Treasury in the United Kingdom. 

There are three main classes in the 
Scientific Civil Service, and many spe- 
cialist classes. The three main classes are 
as follows: Scientific Officer—the initia- 
tors; Experimental Officer—the doers; 
and Assistant (Scientific)—the helpers. 

The over-all numerical ratios of mem- 
bers of these classes in the service is ap- 
proximately 1:2:1. Promotion is by 
merit, and in the Scientific Officer class 
it can either be up the organizational 
ladder, so that the scientist assumes 
greater responsibility for the work of 
others as he progresses, or it can be up 
the “merit” ladder so that he can achieve 
high rank purely on his excellence as an 
individual scientist. In my view, this is 
one of the most significant developments 
in the employment of scientists in the 
postwar era. 

This three-tier structure parallels the 
structure of the General United King- 
dom Civil Service, with its three main 
classes: administrative, executive, and 
clerical. In Britain the administrator is 
the person who makes policy; the execu- 
tive is the person who carries it out. You 
will see from this that we use the term 
executive somewhat differently from you. 

The difference between the British 
structure and American two-tier struc- 
ture is probably more apparent than real, 
but up to the present, in any case, the 
Scientific Civil Service has steadfastly 
maintained that possession of university 
degrees is not of itself an open-sesame 
to the Scientific Officer class. In my last 
laboratory, some 30 percent of the ex- 
perimental class had university degrees, 
and many more had other professional 
qualifications. 


Industrial Research 


Public authorities. A group warrant- 
ing brief consideration is that of the 
public corporations, such as the British 
Broadcasting Corporation, which are 
subject to broad but not day-to-day con- 
trol by the Government. The national- 
ized industries, such as the Coal Board 
and the Transport Commission, are in 
the same position. All of these organiza- 
tions carry out research themselves and 
maintain close liaison with the research 
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councils and departmental research or- 
ganizations. The special case of the 
Atomic Energy Authority was referred to 
earlier. 

Research Associations. A feature of 
British research is the part played by 
Government in cooperative industrial re- 
search, There are 46 of these autono- 
mous organizations of industrial firms 
which carry out research of concern to 
the participating industries. Their estab- 
lishment is voluntary in the sense that the 
initial proposal must come from industry 
itself. They are governed by their own 
councils, the members of which are 
drawn mainly from the industry con- 
cerned. The councils are advised by re- 
search committees in the preparation of 
their research programs. They have a 
combined income of about £7 million, 
about one-quarter of which is contrib- 
uted by the Government through the 
Industrial Grants Committee of the De- 
partment of Scientific and Industrial Re- 
search. Curiously enough, the large cor- 
porations which spend large sums on sci- 
entific research are also, in general, 
strong supporters of the Research Associ- 
ations, whereas it was originally thought 
that these associations would be of use 
mainly to small firms unable to carry out 
their own research. 

Sponsored research. Sponsored re- 
search organizations of the pattern and 
size of certain American organizations 
do not exist in the United Kingdom, al- 
though there are three small units, one 
of which is an offshoot of an American 
organization. The United Kingdom, 
however, just like the United States, is 
rich in independent organizations which 
finance or carry out research—for ex- 
ample, the British Empire Cancer Foun- 
dation, the Lister Institute, and the 
Nuffield Foundation. 


University Research 


The most important source of funda- 
mental research in the United Kingdom 
is the universities. About 70 percent of 
their income comes from government 
sources, and this money is administered 
through the University Grants Commit- 
tee on a quinquennial basis. The mem- 
bers of this committee are appointed by 
the Chancellor of the’ Exchequer from 
persons with experience of university ad- 
ministration and education. The com- 
mittee receives its money as a grant-in- 
aid and is responsible for allocating it 
to the universities. This system ensures 
academic freedom, since there is no di- 





rect departmental control of the distribu- 
tion of the funds. 

Research is also supported in the uni- 
versities by the research councils (sci- 
entific and industrial; agricultural; and 
medical) and by industrial organizations 
which provide research fellowships and 
occasionally endow chairs. 

All research funds are administered 
so as to interfere as little as possible with 
academic freedom. There is relatively 
little contract research in British univer- 
sities, and my own experience has been 
that any proposal which might even ap- 
pear to curb this freedom meets with im- 
mediate and effective opposition from 
the faculties. 


Learned Societies 


No picture of the British research setup 
is complete without mention of the 
learned societies, the foremost of which 
is the Royal Society. In 1663, Hooke (of 
““Hooke’s Law” fame) wrote that the so- 
ciety’s business was “To improve the 
knowledge of all natural things, and all 
Useful Arts, Manufactures, Mechanick 
Practices, Engines and Inventions by Ex- 
periment (not meddling with Divinity, 
Metaphysics, Moralls, Politicks, Gram- 
mar, Rhetoric or Logick).” The society 
is independent of state control, but its 
advice on scientific matters is often 
sought by the Government. It also ad- 
ministers various research funds derived 
from government and other sources. 

There are many other scientific or- 
ganizations which should be mentioned 
in any reasonably complete account of 
the British scientific scene. They are, 
however, so numerous that to name 
them would make this article read like 
a directory. 

There is one committee, however, 
which, as far as I know, has no parallel 
in this country. This is the Parliamentary 
and Scientific Committee. This commit- 
tee consists of members of both Houses 
of Parliament, of all parties, who are in- 
terested in scientific matters and also of 
leading scientists and technologists. The 
committee meets to discuss science and 
scientific matters and thus helps to main- 
tain in the legislature a body of informed 
opinion on these matters. 


General Comments 


I have tried to give a picture of the 
main elements of scientific organization 
in Great Britain. It is a picture which 
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is changing in detail from year to year 
to meet the changing requirements and 
the ever-increasing importance of sci- 
ence in all aspects of national life. 

A great—perhaps too great—propor- 
tion of our scientific effort is devoted to 
fundamental research. This is due to 


many causes, one of which is the educa- 
tional system, which tends in science to 
produce rather narrow specialists. In our 
secondary schools we do not give one- 
year courses in such subjects as biology 
but prefer, from age 11 on, to rely on a 
three-year course in general science fol- 
lowed by continuous courses for the next 
four years in major branches of science. 
Students intending to go to a university 
normally take the Advanced Certificate 
of Education in three subjects at age 18. 

In this connection it is interesting to 
note that in 1957 more students sat for 
this examination in physics, chemistry, 
and mathematics (in that order) than in 
any other subjects and that nearly 20 
percent of all students took physics. 

This concentration on few subjects 
continues in the universities, which are 
staffed in the main by people chosen for 
their skill in basic research rather than 
for their skill in teaching, and the uni- 
versities do relatively little sponsored 
work, 

Efforts are now being made in several 
British universities to broaden the edu- 
cational basis, and my personal view is 
that there is much to be said for the sys- 
tem about halfway between your system 
and ours. 

Finally, our social structure is such 
that attainment in pure science appears 
to attract greater social status than at- 
tainment in technology—we revere our 
eggheads! On the other hand, we have 
a great need for application of science, 
and the Government is now taking great 
pains to increase the output of technolo- 
gists—not in the main, be it noted, in 
the universities but in technical colleges 
and special Colleges of Advanced Tech- 
nology (these grant diplomas but not 
the traditional university degrees). 

On the government side we have a 
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senior cabinet minister broadly responsi- 
ble for much of the basic civil research. 
This minister is advised by a scientific 
policy committee which has some com- 
mon membership with the corresponding 
committee which advises the Minister 
of Defence. We appear, therefore, to 
have a somewhat more closely coordi- 
nated system than exists in the United 
States. On the civil side research is 
mainly under the direction of scientists 
who are not subject to control by execu- 
tive departments. We also allocate pub- 
lic money for basic research on a five- 
year basis, so as to give greater stability 
to our efforts. 

This situation looks satisfactory but is 
by no means perfect and is not without 
its critics, who complain that no means 
exist either for formulating or for se- 
curing a coordinated national policy of 
research. Our educational system also 
comes in for criticism, especially from 
the point of view of lack of breadth in 
the education of scientists. 

Again, although there is considerable 
direct cooperation in research between 
Government and industry, especially in 
the Research Associations, we do not ap- 
pear, as a nation, to match up to the 
United States in practical application of 
the results. This is not wholly the fault 
of the scientists but is due also to eco- 
nomic and other factors. 

Being a smaller and more closely knit 
country, we pay rather. less respect than 
you do to the possession of formal quali- 
fications. We tend to pay for ability and 
experience even though the latter may 
not have led to the gaining of higher 
degrees. We may, however, be changing 
somewhat in this respect. 

Our government administrative proc- 
esses seem on the whole to be more flexi- 
ble than yours, and this difference stems 
no doubt, in the main, from our very 
different parliamentary systems. In yours, 
the executive and the legislature may not 
always see eye to eye. In ours, the Cabi- 
net represents the majority party in 
Parliament. It also possibly stems from 
the traditional reluctance of British ad- 


ministrators to specify and define more 
closely than is absolutely necessary. (You 
have a written constitution—we haven’t). 
However, when all is said and done, our 
outlook and aims are much the same as 
yours. Cooperation between American 
and British science is close, and I regard 
it as one of my principal objectives in 
my capacity as scientific attaché here to 
improve and extend this cooperation in 
every way possible. 

There is an old saying that “compari- 
sons are odious,” and in making com- 
parisons I have not been trying to show 
that the methods of one country are in 
general superior to those 6f the other. 
It is fairly evident that we can each learn 
from the other and that in at least one 
important instance—that of education— 
a midway course would be of advantage 
to each of us. Some of the differences 
are more apparent than real. I have on 
many occasions been present at discus- 
sions between British and American sci- 
entists about their difficulties and hopes 
when it would have been very difficult 
for a man from Mars to tell which were 
British and which American! 

Probably in no other major field of 
human endeavor is it so necessary to con- 
sider the individual and to try to fit the 
organization to the men rather than the 
men to the organization. 

Organization and administration in 
science are a means to an end, and in 
conclusion, therefore, I would like to 
quote a British scientist and our leading 
humorous journal. 

The scientist, Sir Ben Lockspeiser, a 
former secretary of the Department of 
Scientific and Industrial Research, said 
at the end of a lecture, “Let me there- 
fore conclude by underlining the impor- 
tance of good administration, but by re- 
minding you also that administration in 
science will not, of itself, produce a sin- 
gle new idea and without new ideas sci- 
ence would cease to exist.” 

The’ journal is Punch, which 22 years 
ago said, “The greatest of all research 
problems is the people whe: do the re- 
search.” 








Organization of Scientific 


Activities in Norway 


Government, industry, and research have joined 


forces to develop the country’s research capacity. 


Norway, which has only 1/25 the area 
and 1/50 the population of the United 
States, is by far the smallest of the four 
countries to be reviewed in this series of 
articles. I do not know why my country 
has had the honor of being selected as one 
of the four, but sometimes it is easier to 
study principles on a small scale, and this 
fact may perhaps justify the inclusion 
of Norway. The population of Nor- 
way is about 3.5 million. Almost three- 
fourths of the country consists of moun- 
tains, glaciers, and so on; approximately 
one-fourth is covered by forests; and only 
4 percent is tilled soil. Thanks to the 
Gulf Stream, coming over from the Gulf 
of Mexico up along the coast line, the 
climate is much warmer than you would 
expect. 

Norway does not have the same old 
well-established scientific traditions that 
are found in many other European coun- 
tries. This is probably partly due to the 
size of the country, but also to the fact 
that Norway, when it became an inde- 
pendent country in 1905, had not had 
complete independence for several cen- 
turies. 

Our first university was established 
only some 150 years ago; our Agricul- 
tural College, some 60 years ago; the 
Institute of Technology, some 50 years 
ago; and our second university only 10 
years ago. The period prior to World 
War I can be characterized by the out- 
standing work of some few individuals 
within certain fields of the humanities, 
medicine, and science. The environment 
for research was, however, too narrow, 
and our economic resources were too 
limited for lasting, learned schools to 
grow up, except in a few fields such as, 
for instance, geophysics. Research in the 
industrial field showed the same ten- 
dency. Comparatively few companies 
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carried out their own research. Never- 
theless, some examples of outstanding 
work were produced, and some of our 
leading firms of today were built up at 
that time entirely from the results of 
research work. 

Between the two world wars scientific 
life in Norway had a constant but not 
rapid growth, both in the fundamental 
and in the applied fields. 

During World War II, however, when 
the scientific resources of the three other 
countries considered in these articles 
were mobilized to the utmost and when 
their institutions for applied research 
had a time of fantastic expansion, Nor- 
way had a very different experience. Our 
universities were partly closed and our 
scientific activities came nearly to a 
standstill. The only bright spot was a 
small group of Norwegian refugee scien- 
tists who took part in military research 
in Great Britain and later became the 
nucleus of the Norwegian Defense Re- 
search Establishment’ which was built 
after the war. 

When the war was over, however, it 
was clear to our Government, to indus- 
try, and to all within the research field 
that very high priority had to be given 
to the expansion of research. Thanks to 
excellent cooperation among these par- 
ties, this expansion has taken place. 


Trades and Industries 


As the development since the war has 
been strongest in applied research, I 
shall first, for background purposes, say 
a few words about the trades and indus- 
tries of the country. 

From Fig. 1 you will see that by far 
our biggest economic factor is industry, 
and that industrialization proceeds at a 


good rate of progress. One of our great- 
est assets here is the abundance of cheap 
water power. Norway produces today per 
capita more energy in the form of elec- 
tricity than any other country, and we 
can still triple or quadruple this pro- 
duction at a very low cost. This is a great 
advantage from the standpoint of fur- 
ther development, especially within the 
electrometallurgical and _ electrochemi- 
cal industries. 

Shipping constitutes a major and 
growing factor in our national economy. 
Norway currently provides 8 percent of 
the world’s tonnage. This has also stimu- 
lated growth of the Norwegian ship- 
building industry, which has more than 
tripled since the war. 

Investment in the building of houses, 
factories, and power plants is at a high 
level. 


Organization for Research 


Let us now look at the pattern of re- 
search institutions as they have devel- 
oped thus far. Figure 2 gives, in a sim- 
plified form, a survey of the various 
types of research organizations and in- 
stitutes. To the left we have the uni- 
versities, which come under the Minis- 
try of Education. Next we have the 
various governmental research institutes, 
coming administratively directly under 
their respective ministries and working 
in such special fields as mineral re- 
sources, agriculture, fishery, health, com- 
munication, and defense. To the right 
we have the institutes which belong to 
industry. They comprise both the indi- 
vidual companies’ own laboratories and 
the institutes of research associations 
formed by special branches of industry. 
In the middle you will see the research 
councils. There are three of them. All 
three have been established since the 
war, and they represent an entirely new 
feature in our scientific life. There are 
also other institutions which have been 
omitted here in order not to make the 
picture too complex. 

As you can see, this general pattern is 
not so very different from that found in 
most other modern countries. There are, 
however, certain distinctive characteris- 
tics which I will try to point out. 





Mr. Major is d'rector of the Royal Norwegian 
Council for Scientific and Industrial Research. This 
article is adapted from an address delivered 26 
Dec. 1958 at a symposium, ‘Moving Frontiers of 
Science: Comparative Patterns of Scientific Organi- 
zation,” held during the Washington. meeting of 
the AAAS. This article and the preceding one, by 
E. S. Hiscocks, were presented during part 1 of 
the symposium, The articles presented during part 
2 will appear in next week’s issue. 
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Universities 


The universities in Norway are all gov- 
ernmental universities, This means that 
they get practically all their money from 
the national budget, the number of posi- 
tions and the salaries are established by 
the Parliament, and all the professors 
are appointed by the Government on the 
advice of the universities. By universities 
I mean here the two universities proper, 
in Oslo and Bergen, and also such insti- 
tutes of higher learning as the Nor- 
wegian Institute of Technology in Trond- 
heim, the Agricultural College at Aas, 
just south of Oslo, and the School of 
Business Administration in Bergen, which 
all give degrees that are at the university 
level. 

As in most countries, in addition to 
their educational activities the universi- 
ties carry the main burden of fundamen- 
tal research work. The national appro- 
priations alone have always been too 
small to maintain a vigorous scientific 
life, but research work has also been 
partly financed by private endowments 
and through contracts with industry and 
trades. Since the war a great proportion 
of the basic and other research at the 
universities has been financed through 
grants from the research councils. 

The universities have also attracted 
other institutes as neighbors, thus making 
four major centers of research in the 
country. There is a center of technology 
around the Institute of Technology in 
Trondheim, a center of fishery research 
(among others) in Bergen, a center of 
agricultural research at Aas, and a cen- 
ter covering other fields, such as human- 
istic, economic, social, medical, and in- 
dustrial research, in Oslo. 

A special feature in Trondheim de- 
serves to be mentioned; there an Engi- 
neering Research Foundation has been 
established at the Institute of Technol- 
ogy, doing sponsored research for indus- 
try in cooperation with the institute. 
This foundation has a much more flex- 
ible organization than the Institute of 
Technology and has therefore also been 
able to support the institute in many ad- 
ministrative matters. 

As in so many other countries, there 
was a great increase in the number of 
students entering our universities just 
after the war. By 1954, however, the 
number had fallen to the prewar level, 
and it only started to rise again substan- 
tially last fall. To get the complete pic- 
ture, however, we must take into consid- 
eration the fact that since the war some 

25 percent of our students have taken 
their degrees abroad because of our own 
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Fig. 1. Gross national product by sector (fixed prices). 


limited study facilities in such fields as 
engineering, medicine, and dentistry. 

As the demand and supply of scien- 
tists and engineers have been so much 
discussed lately, I will say a few words 
about our experience in these fields. It 
has, I think, some unique features. 

Our only institution for the education 
of engineers is the Institute of Technol- 
ogy in Trondheim. Because it was in 
bad shape after the war, we sent a lot of 
engineering students abroad for their 
training. This stream of students going 
to other countries has continued, be- 
cause of limited capacity at home. In 
fact, during the last few years nearly 50 
percent of our engineers have been edu- 
cated abroad. We have thus arrived at a 
total figure per million inhabitants of 























130 new engineers per year, with a de- 
gree corresponding to an average Ameri- 
can master’s degree. This is, I think, the 
highest figure in Europe. In viewing this, 
however, our present low production of 
pure scientists and technicians should be 
noted. The engineers have all been ab- 
sorbed in industry and research, and a 
study of the supply and demand made 
by the Research Council has concluded 
that our demand will continue at this 
level in the coming years. Accordingly, 
the Institute of Technology in Trond- 
heim is being nearly doubled in size, and 
by 1963 we expect to turn out some 80 
percent of our engineers at home, rely- 
ing on institutions abroad only for the 
education of engineers in a few special- 
ties. However, much work still remains 
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to be done to build up the graduate 
school in Trondheim. 

For scientists the picture has been very 
different. Pure science is an unrestricted 
study, and the universities accept all the 
qualified students who want to study sci- 
ence. Since the war the number of can- 
didates has been fairly constant but 
comprises only some 65 percent of the 
number required, on the basis of a con- 
servative estimate, to meet Norway’s 
needs. Among other problems this cre- 
ated a serious, increasing shortage of 
science teachers in the secondary 
schools. The situation thus became rather 
gloomy. 

Last summer, however, the curriculum 
of the science department of the univer- 
sity was modernized. An attempt was 
made to make the study more effective 
and thereby shorten the time of study 
from an average of 7 or 8 to 514 years. 
This change was made known to all po- 
tential science students, and at the same 
time they were informed of the career 
possibilities for a student of science. Al- 
though a modest increase in the number 
of science students was expected, we 
were surprised to find that the number 
of science freshmen last fall rose by more 
than 100 percent; this means a tripling 
over the last two years. This very encour- 
aging development has, however, its 
darker aspect, Now the great difficulty 
is for a somewhat unprepared university 
to find ways to educate so many students 
in rather crowded and inadequately 
equipped departments. 

On the whole, I think we must admit 
that although it now looks as if we shall 
get out of our scientific and technical 
manpower problems reasonably well, this 
will perhaps be due more to the initia- 
tive of our youth and to help from uni- 
versities abroad than to our own ability 
to build up our higher education in time. 
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Recent developments, however, seem to 
indicate that planning and development 
of our institutions will be more efficient 
in the future. 

The facts which I have given seem to 
show that most of our universities have 
not been farsighted enough to adapt 
their activities to the needs of the future. 
There may be many reasons for this. I 
think our system is somewhat too rigid; 
there is lack of flexibility and too great 
a distribution of responsibilities. Much 
good work is being done, but it is my 
personal view that the building up of a 
stronger administration in the universi- 
ties—an administration capable of tak- 
ing and willing to take responsibility— 
is a necessary step to insure that the uni- 
versities will be able to play their vital 
role in the future life of the nation. 

A thorough study of the demand for 
and supply of university-trained person- 
nel of all categories has lately been made 
by our research councils. The aim of this 
has been to establish a factual basis for 
the development of our academic insti- 
tutions to fill the future needs of the 
country. 

Before leaving the field of training I 
will mention one noteworthy organiza- 
tion, the Government Loan Fund for 
Students. Because most families now find 
it difficult to finance the studies of their 
children, a national loan fund for stu- 
dents has been organized, with consid- 
erable capital and a further government 
guarantee. At present more than half of 
all Norwegian university students at 
home and abroad have loans averaging 
3000 kroner a year. They pay no interest 
during the time of their study and later 
can deduct from their taxable income 
the money they pay back. Through 
growing fellowship programs gifted stu- 
dents without financial resources are also 
stimulated to take up a study. 
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Fig. 3. Research councils in Norway. 
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Government Research Institutes 


The government research institutes 
under the different ministries do not dif- 
fer in principle from those in other coun- 
tries. Therefore, although they play an 
important role, I shall be very brief in 
discussing them. The advartage of these 
institutes is, of course, that they have a 
reasonably secure source of income. On 
the other hand, they have a very rigid 
salary system, so it is difficult to main- 
tain a sufficient degree of incentive 
throughout the system. These are all dif- 
ficulties which you seem to be well aware 
of in the United States, where, to a great 
extent, you get around them by doing a 
great deal of this sort of work through 
government contracts to universities, to 
sponsored research institutes, and to in- 
dustry. 

I have already mentioned the fields in 
which these institutes work. They have 
all expanded considerably since the war; 
this is particularly true of the Defense 
Research Establishment, which was es- 
tablished at the end of the war and 
which has since grown to become our 
biggest research institute. It has more 
flexibility than is usual for government 
institutes. 


Research in Industry 


In industry the interest in research ac- 
tivities has developed at quite a good 
rate since the war. Research departments 
and laboratories have grown up in many 
of the bigger companies and are now 
being introduced in new factories, but 
we still have a long way to go to reach 
an activity comparable to industrial re- 
search in the United States. One reason 
is that we have relatively few com- 
panies which are big enough to finance 
research on a really grand scale. 

A statistical study of research person- 
nel and research expenditure in indus- 
trial companies is now in preparation, 
but figures will not be available until the 
spring of 1959. 

Some branches of industry have 
formed research associations for coopera- 
tive research studies. There are now ten 
of them, the biggest being in the fields 
of paper and pulp, wood technology, can- 
ning, herring oil and meal, and textiles. 
In many branches the size of the com- 
panies varies so much, and the technical 
interests are so heterogeneous, that re- 
search associations are not the right an- 
swer. These factories-rely on sponsored 
research institutes for work which they 
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cannot undertake themselves (I refer to 
this below). One characteristic feature 
is that a very good contact has been es- 
tablished between industry and the vari- 
ous research institutes, and industry is 
using their services more and more. 

It is the general rule in our country 
that results of industrial research are ex- 
ploited in already existing companies. 
Lately, however, a few development 
companies have been established which 
specialize in the exploitation of research 
results. This work looks quite promising 
so far. 

Quite recently industry has formed a 
new organization called the Norwegian 
Industries Research Association. This is 
an organization with the single aim of 
supporting financially research work of 
common interest to the member firms. 
It is an organization set up on a volun- 
tary basis, and all the firms joining it 
give 0.3 percent of their gross sales re- 
ceipts to the association every year. All 
the money of the organization is being 
used for projects suggested by the Re- 
search Council for Scientific and Indus- 
trial Research, mentioned below. The 
association started to operate last fall; 
most of the bigger companies have 
joined it, but to get the great bulk of the 
smaller companies as members remains 
to be accomplished. 

In this connection, I should mention 
that we have in Norway a law allowing 
firms to deduct from their taxable in- 
come gifts to research institutions. This, 
however, applies only for gifts not ex- 
ceeding 10 percent of their income. The 
research must also have some bearing on 
the activities of the firm and must be 
carried out by an institution having some 
connection with the Government. 


Research Councils 


A new feature in Norwegian research 
organization since the war is the estab- 
lishment of research councils. As you 
will see from Fig. 3, there are three of 
them: the Royal Norwegian Council for 
Scientific and Industrial Research; the 
Norwegian Research Council for Science 
and the Humanities; and the Agricul- 
tural Research Council of Norway. They 
all have the task of promoting research 
within their respective fields. They have 
come to play a very active part in the 
scientific life of Norway since the war, 
and they are also known for the rather 
extraordinary way in which they get a 
good deal of their money—from the 
profits of football pools. 
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Fig. 4. Organization of the Royal Norwegian Council for Scientific and Industrial 


Research. 


Just after the war the football pools 
were organized as a semigovernmental 
company with the aim of supporting 
sports and research. Of the profits, the 
first million kroner go to sports. Of the 
second million, research gets 200,000 
kroner; of the third, 400,000 kroner; of 
the next, 600,000 kroner; and of each 
additional million, 800,000 kroner. Last 
year the amount for research had thus 
increased to some 25 million kroner. 
The amount is distributed among the 
three councils through the Joint Com- 
mittee of the Norwegian Research Coun- 
cils. The amount is quite appreciable 
for a small country, but the really im- 
portant factor is that the money can be 
used at the discretion of the research 
councils. 

I cannot here go into details about all 
the councils. I will say only that the Re- 
search Council for Science and the Hu- 
manities, through grants in all fields ot 
the humanities, medicine, social research, 
and fundamental science, has contrib- 
uted greatly to research activities in 
these fields, while the Agricultural Re- 
search Council has, through its activities, 
stepped up research work in the whole 
agricultural field. 

As an example of the three I shall 
give a few more details about the Royal 
Norwegian Council for Scientific and 
Industrial Reséarch. I choose this be- 
cause it was the first and is the most 
comprehensive of the research councils 
and also because it is with this council 
that I have had my own experiences. 

From Fig. 4 you will see the main 


characteristics of its organization. It is 
a semigovernmental institution repre- 
senting cooperation of government, in- 
dustry, and research, with the aim of 
promoting scientific and industrial re- 
search and making sure that the research 
results are made use of in Norwegian 
trades and industries. The council has 
26 members, with approximately equal 
representation from the three parties 
mentioned. 

In summarizing the work of the Re- 
search Council, one should first mention 
the work done in the recruitment of sci- 
entific personnel. Surveys of the supply 
and estimates of the demand for scien- 
tists and engineers have been made, and 
recommendations for the expansion of 
our capacity for education have been 
made to the Government. To support the 
flow of promising candidates into sci- 
ence, approximately 250 fellowships 
have been given for postgraduate studies 
in foreign countries. Fellowships have 
also been given for postgraduate work 
in our own country, both for Norwegian 
citizens and for foreigners wanting to 
take part in our activities. 

Secondly, carefully selected research 
projects, mostly at the universities, are 
being supported through grants. The 
major part of these grants has been 
given in new fields such as nuclear phys- 
ics, radiochemistry, industrial microbi- 
ology, and automation. They may be 
small grants for a personal assistant, for 
instance, or large ones for bigger, long- 
term projects, new buildings, and so on. 

The council has, further, had a series 
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of committees fostering research in new 
fields where there was a need for organ- 
ized long-term research. New institutes 
have been planned and established, 11 
of them so far. Among them I can men- 
tion the Institute of Atomic Energy, 
which, in cooperation with the Nether- 
lands, built the first nuclear reactor to 
be in operation outside the borders of 
the five big atomic powers. Very shortly 
the institute will put into operation the 
new heavy-water boiling reactor at 
Halden, which is the first nuclear reactor 
system to be developed outside the 
borders of the great atomic powers. 
Through cooperation with 12 other 
OEEC countries, the experiences 
achieved with this reactor system will be 
available to them all. 

The council has also established in- 
stitutes for building research, for geo- 
technical research, for ship and ship- 
building research, for electrotechnical 
research, and so on. They are all insti- 
tutes of particular interest to important 
branches of our industries. I might fur- 
ther specifically mention the Central In- 
stitute for Industrial Research, which is 
a sponsored research institute, built on 
the same principles as the Battelle Me- 
morial Institute in Columbus, Ohio. The 
Central Institute is now one of our larg- 
est, and the number of contracts grows 
from year to year and also includes con- 
tracts from the United States. 

As you know, you have in this country 
a great number of sponsored research in- 
stitutes, such as the Battelle Memorial 
Institute, and the Armour Research In- 
stitute, but relatively few research asso- 
ciations for cooperative research. In 
most European countries—for instance, 
in Great Britain—there are a great num- 
ber of cooperative research institutes but 
practically no sponsored research insti- 
tutes. In Norway we now have three 
sponsored research institutes; the volume 
of research in these institutes is about 
the same as the volume in our coopera- 
tive research institutes, and it tends to 
grow faster. 

In this respect we are thus somewhere 
between the United States and most 
European countries. We believe that in 
our country cooperative research is the 
effective solution for some activities, but 
we also feel that in other cases spon- 
sored research is the best solution. To 
the cooperative research institute one 
sends bigger, open research projects of 
mutual interest; to the sponsored re- 
search institute a company sends re- 
search projects that it wants to develop 


698 


for its own use in competition with 
others. The sponsored research institute 
functions, therefore, as an extension of 
the individual company’s own research 
laboratories. 

Through all its activities the Research 
Council endeavors to achieve a sound 
coordination of the over-all research ac- 
tivities of the country. As a concrete 
example of this I might mention the 
establishment of the Industrial Research 
Center at Blindern, near Oslo. 

Just after the war, when the Research 
Council was planning some of its insti- 
tutes, some other industrial research in- 
stitutes were also being established. Since 
we are a small country, the Research 
Council felt that if these institutes were 
spread around at different places, none 
of them would be big enough to create a 
sufficiently creative scientific environ- 
ment. Therefore, the council secured an 
area close to the science department of 
the University of Oslo, built a central 
building for the sponsored research in- 
stitute mentioned above, where also 
smaller institutes could hire premises, 
and offered ground around the building 
to other institutes wanting to partici- 
pate in the center. In doing this the 
council in no way tried to direct the 
work of the institutes but simply offered 
its services to bring them together and 
thereby facilitate collaboration. 

The offer was so very favorably re- 
ceived that the Industrial Research 
Center is constantly growing and has at 
present 15 institutes. They are centered 
around the Central Institute for Indus- 
trial Research, which has been equipped 
with many sorts of expensive equipment, 
such as an electron microscope and 
spectrographs, which are used by all the 
institutes in the center. In this way ex- 
cellent voluntary coordination both 
among the institutes and between the in- 
stitutes and the science department has 
been achieved. At present about 40 mil- 
lion kroner have been invested in the 
center, and approximately 500 people 
work there. 

The work of the council is financed 
through the national budget, the football 
pools, and industry. The council is a 
free institution with its own salary sys- 
tem, serving both government and in- 
dustry. We have come to know the 
importance in all reséarch work of 
choosing the right man for the job and 
of giving him a reasonably free hand. 
We emphasize strongly the importance 
of maintaining incentive for all person- 
nel throughout the activities. The free- 





dom we have been given, the flexibility 
of the system, and the great and united 
support from government, industry, and 
research have made it possible to build 
up a system which seems so far to have 
functioned reasonably well. 


Government Research Contracts 


But to come back to the over-all pic- 
ture, there is one feature which you may 
miss in Norway—the government re- 
search contracts which play such an im- 
portant role in the United States. In our 
country they are not used to any great 
extent. One reason is that problems of 
direct concern to government are solved 
in our governmental research institutes 
—such as, for instance, the Defense Re- 
search Establishment. Another reason 
may be that although it is difficult to 
carry out research, it is perhaps even 
more difficult to formulate research 
projects and evaluate research progress 
—and I think we have not yet a suffi- 
cient number of people capable of ad- 
ministrating research contracts. 

There are, however, signs that this is 
changing, and with our growth in num- 
ber of sponsored research institutes and 
in research facilities in industry I think 
it would be of advantage in the future 
to solve more national problems through 
research contracts with appropriate re- 
search institutions. It is not unlikely that 
the research councils may have a grow- 
ing responsibility in this respect. 


Problem of Size 


We have also in our national research 
policy one problem which, I think, you 
are not very familiar with. That is what 
I may call the problem of being small. 
In these times, when each administra- 
tive unit, like each country, has so many 
research problems to tackle and when 
more and more of them are problems 
needing the concentrated attack of big 
scientific staffs, involving high expendi- 
ture, a small country meets with certain 
difficulties. 

There are two ways of solving this 
problem. The one is to make use of the 
results from other countries when they 
are available and to concentrate our own 
efforts in areas where we have special 
qualifications or special needs. The 
other is to take up bigger projects in co- 
operation with one or more other coun- 
tries, as we have done in atomic energy 
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with the Netherlands, Sweden, and other 
OEEC countries, in defense research and 
in fundamental nuclear physics through 
our participation in the CERN organiza- 
tion in Geneva. A closer cooperation 
between the Scandinavian countries in 
higher education and in many fields of 
research is also being developed. 

What for you in the United States 
would usually be just routine coopera- 
tion will often for us be international 
cooperation, involving to some extent 
language and other difficulties. I do be- 
lieve, however, that through concentra- 
tion at home on the one hand and a 
realistic cooperation with foreign coun- 
tries on the other, many of the difficul- 
ties of being small can be overcome. 

From what I have said it will be evi- 
dent that research activities have grown 
considerably in Norway since the war. 
Figure 5 shows the increase in the total 
number of individuals in university and 
other research work. The solid line in- 
dicates personnel in all kinds of research; 
the broken line shows personnel in sci- 
entific and industrial research only. Since 
we do not yet have exact figures for the 
individual companies’ own research per- 
sonnel, those figures are not included. 
You will see that from 1946 to 1958 the 
number of individuals in all kinds of re- 
search has grown by a factor of slightly 
less than 3. The biggest growth, how- 
ever, has been in scientific and industrial 
research, where the number has grown by 
a factor of 4. 

Figure 6 shows the expenditure in uni- 
versities and research institutions, again 
with figures for the industrial companies’ 
own research personnel excluded. You 
will see that in kroner the expenditure 
has grown by a factor of more than 6, 
but with fixed prices this factor is only 
approximately 4. For scientific and in- 
dustrial research only, the rate of growth 
is somewhat larger. 

You may now have got the impression 
that research is at a very high level in 
Norway. What the figures show is, how- 
ever, more the rate of growth than the 
actual level. If we estimate the research 
expenditure of industrial companies and 
add this figure, we will find that what 
Norway spent in research and develop- 
ment in 1957 is not more than some 0.6 
percent of its gross national product. 
This is less than half the corresponding 
figure for the United States and probably 
only one-third the corresponding figures 
for Great Britain and Canada. We may 
of course say that Norway is a small 
country and has not such great defense 
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and other responsibilities and can there- 
fore have a lower figure. Other factors, 
however, point in the opposite direction, 
so I believe that if we are to maintain 
our culture, our social standard, and our 
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security, and have trades and industries 
which cannot only compete with those 
of Western countries but also withstand 
the growing commercial competition we 
have begun to experience from the Sovict 
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Fig. 5. Total number of personnel in research work, 1946-58. Universities. but not indus- 
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Fig. 6. Expenditure on research and development (in millions of kroner). Universities, 
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Union, we must continue to expand our 
research, 

There is also one new problem we 
have to face. It is probably right to as- 
sume that the attempt to create a free 
trade system in Europe, in spite of the 
present difficulties, will ultimately lead 
to a positive result. Although this as a 
whole must be favorably received, it will 
nevertheless create problems for certain 
branches of our industry. We must ex- 
pect that some of these industries, now 
protected by customs duties, will be un- 
able to compete in a free market. They 
will thus have to be replaced by indus- 
tries in fields where we have special 
natural conditions—such as, for instance, 
the electrometallurgical and_ electro- 
chemical fields. Since these particular in- 
dustries, however, require heavy capital 
investments, we must also look for other 
possibilities. Here I think “brain” in- 
dustries would be a good answer. To 


make such changes in our industries suc- 
cessfully, and in time, will require, to 
my way of thinking, some early and wise 
decisions in the fields of education and 
research. 


Summary 


By way of a summary, may I say that 
I believe we now have in Norway an 
over-all pattern for the administration 
of research which fits our present situa- 
tion reasonably well. There are weak- 
nesses, as I have pointed out, but there 
are also signs that we have a fair chance 
of putting them right. The system is suf- 
ficiently flexible to allow for initiative, 
and we know we shall have to make 
changes to fit our future needs. We are 
in the happy situation of having our 
youth show an increasing interest in re- 
search work, so if we can sucessfully 


Spectroscopic Evidence of 
Metabolic Control 


Rapid measurements of intracellular events afford 
new evidence on mechanisms for metabolic control. 


Britton Chance and Benno Hess 


The interaction of glucose and oxygen 
metabolism has been the subject of study 
ever since Pasteur’s discovery 100 years 
ago of the metabolic response of glucose 
utilization which now bears his name 
(see J, 2). Recent interest has been 
stimulated by Warburg’s hypothesis that 
irreversible damage to the respiratory 
mechanism and a consequent increase of 
glycolysis are associated with cancerous 
growth (3). With greater knowledge of 
the enzymatic pathways for glucose and 
oxygen metabolism and of the signifi- 
cance of intracellular levels of substrates, 
coenzymes, phosphate, and adenosine 
phosphates, general principles and 
specific mechanisms for the Pasteur reac- 
tion (4-1) have been proposed. In- 
creasing awareness of the structural re- 
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lationships of enzyme systems within the 
cell (11, 12) adds, however, to the prob- 
lem of ordinary chemical analysis a di- 
mension with which it is not currently 
able to cope, namely, the control of 
metabolism by redistribution of rate- 
limiting substances among the intracel- 
lular structures. Such changes in concen- 
tration might well remain undetected in 
chemical analyses of the average concen- 
tration of such components (2, //). It 
is an appropriate time, therefore, to de- 
scribe results of the measurements of 
changes of concentrations of possible 
control substances at the site of their 
action within the cell. 

The development of methods for the 
direct spectrophotometry of intracellu- 
lar respiratory pigments and their ap- 





master our training problems we should 
have the good recruitment we conside: 
essential for progress in research. The 
problem of “being small” can probably 
be solved, or at least remedied, through 
a combination of concentration and in- 
ternational collaboration. 

In think it has now become clear to the 
greater part of our population, and spe- 
cifically to a great number of influential 
persons, that if we in Norway are to 
maintain and develop our spiritual and 
material culture, we shall have to con- 
tinue the progress in research. We thus 
hope that in the future, through a united 
effort of our Government, our trades 
and industries, and our research, we 
shall be able to contribute our share to 
the common fund of knowledge and shall 
be able also to use this knowledge to ex- 
pand the social and economic life of our 
nation and contribute to the security ol 
all free nations. 


plications to the measurements of the 
kinetics of oxidation of cytochromes, 
flavoprotein, and pyridine nucleotide. 
together with the adaptation of rapid 
flow techniques to rapid reaction kinetics 
of intact cells, were described several 
years ago (1/3). The advantages of as- 
cites tumor cell suspensions for experi- 
mental study with these new methods 
have been pointed out from the stand- 
point of physiology and biochemistry 
(3, 14) and also from the standpoint of 
the requirements of the spectrophoto- 
metric technique (/3). It has further 
been found that ascites tumor cells are 
remarkable material for the study of in- 
teractions between glucose and oxygen 
utilization, overbalanced in favor of gly- 
colysis. The cells furthermore show not 
only a Pasteur and a Crabtree effect 
(15), but also a short-lived and intense 
metabolic response to glucose addition 
which sheds considerable light on pos- 
sible mechanisms of metabolic regula 
tion (16). 

Even though it was suggested some 
time ago (17) that it is not the enzymes 
but their interactions that are respon- 
sible for tumor cell metabolism, expla- 
nations for the relatively low respiratory 
activity of some types of tumor cells 
have been advanced on the basis of low 
cytochrome ¢ and low cytochrome oxi- 
dase activities (for a summary, see /8). 





Dr. Chance is director of the Johnson Research 
Foundation, School of Medicine, University of 
Pennsylvania, Philadelphia. Docent Hess is a mem- 
ber of the Medical Clinic, University of Heidel- 
berg, Heidelberg, Germany. 
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Recently Warburg has proposed damage 
to the respiratory system (3). However, 
spectrophotometric studies of cyto- 
chromes of the ascites tumor cell show 
no deficiency of cytochrome ¢ relative to 
cytochrome oxidase (19) and no damage 
to the respiratory carriers (16). This 
conclusion is so greatly at variance 
with the chemical determination of 
cytochrome ¢ and cytochrome oxidase 
activities by extraction procedures in 
various types of tumor material. that 
further study of the nature of the 
respiratory chain in the ascites tumor 
cell is reported here. The pathway 
of electron transfer, both in the intact 
cell and in the mitochondria isolated 
therefrom, has been investigated, and 
quantitative studies of the cytochromes 
of the cell and of the mitochondria have 
been made. These results clearly indicate 
the high capabilities of the respiratory 
chain of the ascites tumor cell for rapid 
electron transfer and efficient phosphory- 
lation. 

The remarkable response of the ascites 
tumor cell to glucose addition consists 
of a momentary stimulation, followed by 
a considerable inhibition of respiration 
and glucose utilization. This observation 
of a latent high-respiratory activity of 
these cells suggests that metabolic con- 
trol, and not irreversible damage (3), is 
responsible for their low respiratory ac- 
tivity under physiological conditions. 
Spectroscopic studies of effects coinci- 
dent with the stimulation of respiration 
suggest that the control of respiration 
is being exerted at the level of the mito- 
chondria by the glucose phosphorylating 
process and, reciprocally, that some 
property of the mitochondria is con- 
trolling the metabolism of glucose. 

The Pasteur effect has previously fo- 
cused attention upon glycolytic-respira- 
tory activity interactions, as has the con- 
verse effect found by Crabtree (15). 
Much discussion of the role of phosphate 
and phosphate acceptor has appeared 
and has been incorporated in theories 
of metabolic control (4-6), especially 
by Belitzer (7), Johnson (10), Lynen 
and Koenigsberger (11), and Potter (9). 
Experimental data previously available 
to support these theories are largely 
based upon chemical analysis of ex- 
tracts of intact cells such as yeast and, 
more recently, of the ascites tumor cells 
by Racker (20) and others. In these 
studies, the identification of the control 
substance in the ascites cell requires 
careful consideration. Lynen (2) and 
Racker (20; 20a) suggest that phosphate 
is of importance. Our spectroscopic and 
chemical studies of the ascites tumor cell 
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indicate that increases and decreases of 
the intracellular concentration of adeno- 
sine diphosphate (ADP) are responsible 
for the changes of respiratory and glu- 
cose metabolism observed therein. This 
leads to the general view that a low 
intracellular concentration of ADP is 
responsible for the low rate of respira- 
tory metabolism in these cells. 

We present here a critical analysis of 
the components of the respiratory chain 
of the ascites cells and a study of the 
phosphorylation mechanism and its effi- 
ciency in isolated mitochondria, together 
with measurements of the above-men- 
tioned responses of the intact cells to 
glucose addition. 


Methods of Preparation 


The preparations of ascites tumor 
cells and of mitochondria will be de- 
scribed in detail elsewhere (2/], 22). It 
should suffice here to say that a six-day 
growth of tumor cells was used either 
directly suspended in the ascitic fluid or 
suspended in a “saline phosphate” solu- 
tion (21) after differential centrifugation 
(and sometimes differential lysis) in 
order to free them from erythrocytes. 
The mitochondria were prepared by 
high-speed mechanical disintegration 
with subsequent differential centrifuga- 
tion, a process which was developed for 
yeast granules (23). The reaction me- 
dium was that customarily used for the 
assay of oxidative phosphorylation (24), 
except that fluoride was omitted. 

The chemical methods for assay of 
intermediates in the cells were mainly 
enzymatic reactions (25). Measurement 
of the activated phase of respiration of 
the cells requires a rapidly responding 
technique, and the vibrating platinum 
electrode was found to be excellently 
suited for this purpose (26). 

The kinetics of spectroscopic changes 
were followed by a_ double-beam 
(two-monochromator) spectrophotome- 
ter (13), and difference spectra were 
plotted by a split-beam recording instru- 
ment (/3). 


Pathway of Electron Transfer 
in the Intact Cell 


A method for determining the photo- 
chemical action spectrum for relief of 
carbon monoxide-inhibited respiration 
in the ascites tumor cell based upon the 
platinum microelectrode has shown 
clearly that cytochome a, is the terminal 
oxidase of this cell (27). Suggestions 


that the antimycin-A-insensitive pathway 
is of importance in certain tumor cells 
have keen afforded by the work of Reif 
and Potter on the Flexner-Jobling car- 
cinoma (28). This result would suggest 
that the respiratory pathway of the 
tumor cell would be largely a nonphos- 
phorylating one. The report of the 
anomalous response of the succinate- 
oxidase pathway of the tumor cell (29) 
requires further investigation. In fact, 
the whole concept of “respiratory en- 
zyme balance” (30) may be critically 
reevaluated. 

Our investigation of the respiratory 
pathway is based upon the use of spe- 
cific inhibitors: carbon monoxide for 
the terminal -oxidase (3]), antimycin A 
for the contribution of the cytochrome 
b; pathway (24, 32), and amytal for the 
relative importance of diphosphopyri- 
dine nucleotide and the succinate-linked 
mechanisms (32-34). The nature of the 
spectroscopic responses to these inhibi- 
tors also gives evidence for the sequence 
of cytochromes along the respiratory 
pathway. 

Amytal almost completely blocks res- 
piration of the ascites tumor cell: over 
97 percent of the endogenous or glucose- 
activated respiration is inhibited by the 
addition of 2 mM amytal. The spectro- 
scopic changes that accompany this inhi- 
bition correspond to a reduction of pyri- 
dine nucleotide and an oxidation of fla- 
voprotein and cytochrome b. Thus the 
crossover point (35) for inhibition by 
amytal (its site of action) is between 
reduced pyridine nucleotide and flavo- 
protein. This is in agreement with the 
crossover point for amytal inhibition of 
isolated liver mitochondria (34), and 
suggests that this portion of the electron- 
transfer pathway of the intact ascites 
tumor cell is the same as that of iso- 
lated, actively phosphorylating mito- 
chondria. 

The fact that amytal treatment causes 
oxidation of the cytochrome components 
of the respiratory chain of the ascites 
cell that are largely reduced in the 
steady state of metabolism enables us to 
obtain a spectrum representing the dif- 
ference between the fully oxidized and 
the fully reduced cytochrome compo- 
nents of the respiratory chain, as illus- 
trated in Fig. 1. A comparison of the 
absorption bands of cytochromes 3}, 
a (+a,), and ¢+c, with those of highly 
respiring cell suspensions such as baker’s 
yeast (36) gives a qualitative idea of the 
normal balance of the components of 
the respiratory chain. 

In the intact cells, antimycin-A treat- 
ment causes respiratory inhibition of 
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more than 95 percent. The titration of 
the cells with antimycin A clearly indi- 
cates that the reduction of cytochrome 
b proceeds after some nonspecific bind- 
ing of antimycin A. Due to this non- 
specific binding, the titration has a slope 
of roughly eight antimycin-A equivalents 
to one of cytochrome b_ (21, 37). The 
crossover point for antimycin-A inhibi- 
tion is between cytochromes b and ¢ + ¢, 
as would have been expected from 
studies of isolated mitochondria. It is in- 
teresting to note that no measurable 
shift of the « band of cytochrome b is 
caused by addition of antimycin A to 
the anaerobic tumor cell suspension, and 
thus the “modified cytochrome b” found 
in nonphosphorylating Keilin and Har- 
tree preparations (38) is not present in 
these cells. 

Spectroscopic studies of the absorb- 
ancy changes caused by dithionite addi- 
tion to the anaerobic ascites tumor cell 
suspension suggest that no measurab!e 
amount of cytochrome 6, is present in 
these cells. This is in accordance with 
the failure of attempts to isolate cyto- 
chrome b, from these suspensions (39). 

The nearly complete inhibition of 
electron transfer in the intact cell by 
amytal and by antimycin A suggests that 
the electron-transfer pathway studied in 
isolated liver mitochondria (40) oper- 
ates in the intact tumor cell. There is 
no evidence for the cytochrome b, or 
other antimycin-A-insensitive pathways 
for respiration of these cells. The abrupt 
and complete inhibition of respiration 
by amytal suggests that the pool of suc- 
cinate in the ascites tumor cell is very 
small and that the respiratory pathway 
utilizes reduced pyridine nucleotide to 
a very great extent. The lack of respira- 
tory stimulation upon addition of suc- 


cinate to the amytal-treated cells is ap- 
parently due to their impermeability to 
this substrate rather than to a lack of 
succinate oxidase activity, and thus 
may provide an explanation of previous 


work (29). 


Cytochromes of Whole Cells 
and of Mitochondria 


A second method of studying the cy- 
tochrome content of the electron-trans- 
fer pathway of the cell is to isolate the 
mitochondria. The ascites tumor cells 
also afford an unusually favorable op- 
portunity to compare the cytochromes 
of the whole cell with those of the mito- 
chondria, since direct spectroscopic ob- 
servations of both types of material are 
possible at room and liquid-air temper- 
atures. A comparison of the “apparent 
absolute” spectra of substrate-reduced 
cytochromes of the azide-inhibited cells 
and their mitochondria is given in Fig. 
2. The sharp absorption bands due to 
cytochromes c, c,, b, and a+a,-azide 
are clearly shown. All the components 
of the intact cells are present in the mit- 
ochondria. On the basis that the tightly 
bound cytochrome a has been retained 
in the mitochondria, we find that nearly 
all the cytochrome c of these cells is like- 
wise retained by the mitochondria. Thus, 
speculation on respiratory pathways 
which depend upon the presence of cy- 
tochrome c in the cytoplasm, such as the 
cytochrome b, pathway, receives no sup- 
port from these experiments. Dithionite 
treatment of the cells and their mito- 
chondria show no specific absorbancy in- 
creases at low temperatures that could 
be attributed to cytochrome b;, in con- 
firmation of the results mentioned above. 
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Fig. 1. Spectrum corresponding to absorbancy differences between the anaerobic ascites 
tumor cells and the aerobic cells treated with amytal in order to cause oxidation of the 
cytochrome components. In this difference spectrum, note that cytochrome 6b stands out 
clearly. For comparison, the difference spectrum of cytochrome components of the mito- 
chondria isolated from the tumor cell is included. (Exp. 675e.) 
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There appears, however, a broad absorp- 
tion band with a peak at approximately 
560 mp upon dithionite treatment of the 
enzymatically reduced material. This 
material does not appear to be a compo- 
nent of the respiratory chain and its 
possible identification with “mito- 
chrome” (47) should not be overlooked. 


Cytochrome Concentration: 


Respiratory Activity Relationships 


On the basis of two types of spectro- 
photometric determinations of the cyto- 
chromes of the ascites tumor cells indi- 
cated by Figs. 1 and 2, we are now ina 
position to estimate any possible defi- 
ciency of cytochrome ¢ and cytochrome 
oxidase in these tumor cells. Most of 
the previous conclusions have been based 
upon extraction procedures or enzymatic 
assays of solid tumors. It would appear 
that the direct determination of the res- 
piratory components in intact cells and 
in isolated mitochondria of a homoge- 
nous population of freely suspended cells 
would have certain advantages over 
other procedures and other materials. 
In fact, a number of tumor cell suspen- 
sions derived from single clones (42) 
were placed at our disposal through the 
kindness of T. S. Hauschka (43). The re- 
sults of assays of cytochromes of respira- 
tory enzymes in ascites and other cells are 
given in Table 1. The relative amount 
of cytochromes appears to be independ- 
ent of the ploidy. The amounts of the 
respiratory components computed rela- 
tive to cytochrome a are typical of ac- 
tively respiring cells, as indicated by 
comparison with yeast. Cytochrome b 
appears to be an exception, but the 
spectra are those corresponding to the 
transition from the aerobic steady state 
to the anaerobic state and therefore un- 
derestimate cytochrome b by a factor of 
about 3, as indicated by the studies with 
amytal and antimycin A. When this 
correction factor is applied, the content 
of cytochrome b much more nearly ap- 
proaches that of other systems of highly 
active respiration. This type of correc- 
tion is also necessary for evaluation of 
the total reduced pyridine nucleotide 
concentration. 

In making up this table, the choice of 
materials has largely been set by their 
availability and suitability for the ex- 
perimental method. The selection of 
yeast and muscle does not, therefore, 
represent our estimates of the “normal 
material” with which the ascites tumor 
cell should be compared, but instead 
represents selections of actively respir- 
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Fig. 2. Low temperature spectra of cyto- 
chrome components of intact cells and 
mitochondria isolated from them. These 
are “apparent” absolute spectra in which 
the reference material is the frozen sol- 
vent. The cytochrome components of the 
two types of material are appropriately 
designated. (Exp. 675e.) 


ing electron-transfer systems on which 
data are available. 

When cytochrome concentration is 
calculated on a weight basis instead of 
on a relative basis, it is seen that the 
ascites cells lie between baker’s yeast 
and frog muscle. On this basis, it is ap- 
parent that the cells have not only an 
appropriately proportioned cytochrome 
system, but also a relative sufficiency 
of these enzymes in the cell. An exami- 
nation of the mitochondria prepared 
from the ascites tumor cells shows that 
the cytochrome content per milligram 
protein is very nearly the same for the 
three types of materials assayed here. 
This leads to the noteworthy conclusion 


that mitochondria derived from these 
three different sources have essentially 
the same constitution, with the excep- 
tion of the values for reduced pyridine 
nucleotide, which will vary somewhat 
because of the variable loss of reduced 
pyridine nucleotide in the preparation 
of mitochondria. 

Of greatest interest are the data on 
the turnover number of cytochromes, 
especially those comparing the turnover 
number of cytochromes in the intact 
cell and in the isolated mitochondria. It 
is clear that the turnover number of cy- 
tochrome a in the intact cell is low 
with respect to both that of its isolated 
mitochondria and that of other types of 
cells. For example, mitochondria iso- 
lated from ascites cells have the same 
turnover number as mitochondria iso- 
lated from rat liver (10 sec!) (24), 
but cytochrome a in the intact cell turns 
over at only 3 sec-!. This leads to the 
conclusion that while the concentration 
of cytochrome in the intact cell is ade- 
quate, the respiratory system is not used 
to the extent of its capabilities. This 
result independently suggests that, in- 
stead of an “unbalanced” enzyme sys- 
tem, there is a control mechanism im- 
posed upon the respiratory activity of 
the intact ascites tumor cell. 


Properties of Mitochondria Prepared 
from Ascites Tumor Cells 


A key point in any consideration of 
metabolic control by the mitochondria 
is a determination of whether their elec- 
tron transfer can actually be controlled 
by the concentration of phosphate and 
phosphate acceptor, as has been demon- 
strated for mitochondria isolated from 
liver by Lardy and Wellman (44) but 
not for mitochondria from ascites cells 
(45). Although the preparation proce- 
dure requires vigorous shaking with glass 


beads to rupture the cell, it has been pos- 
sible to demonstrate respiratory control 
in these mitochondria. We find respira- 
tory control ratios to average threefold 
and to exceed sixfold with succinate as 
substrate. The average P/O value with 
succinate as substrate is 1.8, as compared 
with previous values of 1.4 (43). Thus 
these mitochondria show good respira- 
tory control and phosphorylation effi- 
ciency. The high phosphorylation effi- 
ciency of ascites mitochondria is sug- 
gested by indirect data of Quastel and 
Bickris (46). 

A further finding of studies of the ef- 
fect of ADP upon the isolated mito- 
chondria is their spectroscopic response, 
illustrated by Fig. 3. Here, addition of 
ADP to the substrate-treated mitochon- 
dria (state 4) causes a disappearance of 
the absorption bands of reduced py- 
ridine nucleotide, flavoprotein, cyto- 
chrome b, and cytochrome ¢ (see 35). 
(The decreases of absorbancy are plotted 
as an upward deflection in order to aid 
in the recognition of the absorption 
bands.) For comparison, the difference 
spectra corresponding to those absorp- 
tion bands which appear in anaerobio- 
sis are included. 

In summary, experimental results 
show that respiration of mitochondria 
isolated from ascites tumor cells can 
be readily activated by adding ADP. 
Furthermore, characteristic spectroscopic 
changes are observed which could be 
used to identify changes of ADP con- 
centration within the intact cells. 


Respiratory Response to Glucose 


A response similar to that of the iso- 
lated mitochondria to the addition of 
ADP is found under certain conditions 
with the intact cells. As indicated above, 
it is clear that the respiratory activity 
proceeds at a low rate under endogenous 


Table 1. Respiratory components of cells and mitochondria. 





Cytochrome a 


Relative amounts of respiratory enzymes 








Chromo- Pees 
Material Designation some pes 
No. Amount Wes. a b ct a fp as RPN _ Expts. 
(sec”*) 
Ascites cells E L stock 7* 3 1 0.3+ iz 4.4 0.9 6+ 225 
Ascites cells E-1 g* 3 1 0.4+ 6 3.5 67 232 
Yeast cells “Bakers” 20* 52 1 1.4 A 1.5 1.6 6 911 
Excised muscle Frog sartorius 2* 1 0.67 8 3 0.8 20+ W-l 
Mitochondria Ascites cells 
(E L stock) 2t 10§ 1 1 us 10 662 
Mitochondria Rat liver 2t 9§ 1 0.9 7 3.6 19 





* Units: moles/g cells x 10°. + Steady-state oxidized only; considerably more of the component is present. t Units: moles/mg pr x 10", § Glutamate as substrate. 
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metabolism and that the mitochondria 
have a capability of at least a threefold 
acceleration over this rate. Addition of 
glucose to a suspension of the intact 
cells freshly drawn from the mouse and 
suspended in the ascitic fluid or in the 
saline phosphate medium shows a rapid 
acceleration of respiration (Fig. 4), vary- 
ing from two- to sixfold and depending 
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largely upon the nature of the endogen- 
ous metabolism. 

A second respiratory response is indi- 
cated by Fig. 4. It shows that after ap- 
proximately a minute of accelerated res- 
piration, a severe inhibition sets in which 
reduces the respiratory rate below that 
previously obtained with endogenous 
substrate. The record further shows that 
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Fig. 3. The spectroscopic response of a suspension of mitochondria isolated from ascites 
tumor cells to an exhaustion of added ADP (trace A state 4-3 transition). Upon 
exhaustion of added ADP, absorption bands appear corresponding to the reduction of the 
pyridine nucleotides, flavoprotein, and cytochromes b and c. For comparison, the absorp- 
tion changes that occur when the aerobic mitochondria become anaerobic are included 


(traces B and QC, state 5-4). (Exp. 662d-3.) 
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Fig. 4. Typical examples of the respiratory response of ascites tumor cell suspensions 
to glucose addition as measured by the vibrating platinum microelectrode. A and B 
represent the acceleration and inhibition of endogenous respiration of ascites tumor 
cell suspensions caused by the addition of glucose together with the restarting of this 
inhibited respiration by the addition of uncoupling agents (dicoumarol, A; dinitro- 
phenol, B). In C, a rather low concentration of glucose (120 uM) is added, which 
soon leads to an inhibition of respiration. The addition of an excess of glucose restarts 
the respiration, which again is inhibited after a short period. Respiration may be further 
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restarted by addition of dicoumarol. (Exps. 647e, 677a.) 
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this inhibited respiration is largely re- 
lieved by the addition of an uncoupling 
agent such as dicoumerol (Fig. 4A) or 
dinitrophenol (Fig. 4B). The amount 
of oxygen taken up during the acceler- 
ated phase of respiratory metabolism in 
the presence of excess glucose is line- 
arly related to the number of cells 
used (47). 

Some pertinent data on the nature of 
this effect follow. The acceleration of 
respiration does not depend upon the 
activity of the Embden-Meyerhof se- 
quence of enzymes; it can be obtained 
in the presence of sufficient iodoacetate 
to inhibit the glycolysis. Thus the accel- 
eration does not depend upon additional 
substrate for the respiratory chain, but 
instead upon an intermediate produced 
from the glucose-phosphorylating en- 
zymes—presumably ADP. This observa- 
tion further suggests that the inhibition 
of the glucose-activated respiration is 
due to a depletion of the intracellular 
store of adenosine triphosphate (ATP) 
available to the glucose-phosphorylating 
enzymes. Furthermore, the inhibition of 
respiration does not depend upon the 
expenditure of ADP by phosphoglycer- 
ate kinase, not only because of the rela- 
tively higher affinity of the mitochon- 
dria for ADP but also because the inhi- 
bition is observed in the presence of 
iodoacetate. 

Further evidence for the cause of the 
inhibition is provided by the fact that 
the addition of an amount of glucose 
smaller than the intracellular store re- 
sults, nevertheless, in respiratory inhibi- 
tion after a brief interval of oxygen up- 
take (Fig. 4C). Respiration may be 
started again by a second addition of glu- 
cose. In this case, the same intracellu- 
lar store is depleted, for the total oxy- 
gen uptake due to the two additions of 
glucose is equal to that caused by the 
addition of one large excess of glucose. 
This reactivation of respiration by a fur- 
ther addition of glucose is of considera- 
ble significance in interpreting the con- 
trol mechanism. Since ADP from the 
glucose-phosphorylating enzymes is the 
logical cause of the reactivation of res- 
piration, it may be concluded that lack 
of ADP is the cause of the inhibition. It 
is further reasonable to conclude that 
when respiration is blocked about a min- 
ute after addition of an excess of glu- 
cose, lack of ADP is also the cause. 
Thus, increases and decreases of the in- 
tracellular concentration of ADP ap- 
pear to be responsible for the increases 
and decreases of the respiratory rate 
caused by glucose addition. 


SCIENCE, VOL, 129 





Sp 


col 
cit 


stu 
the 
th 
cle 
ine 
pil 
od 
fo! 
no 
re: 
gl 
an 
in; 


the 
the 
res- 





Spectroscopic Response to Glucose 


The preceding data suggest an ADP 
control of metabolism in the intact as- 
cites tumor cell, and an incisive confir- 
mation of this can be obtained from 
studies of the spectroscopic response of 
the mitochondria of the intact cell to 
the addition of glucose. One of the 
clearer records of this phenomenon is 
indicated by Fig. 5, in which both res- 
piratory and spectrophotometric meth- 
ods are shown in the top two traces. The 
former record shows the usual phenome- 
non of acceleration and inhibition of 
respiration about a minute after adding 
glucose. The spectroscopic trace shows 
an abrupt upward deflection correspond- 
ing to an oxidation of cytochrome b 
which persists during the activated phase 
of respiration and subsides as the respir- 
atory activity subsides. This would ap- 
pear to be the characteristic response of 
the respiratory chain to an increase of 
ADP concentration produced during the 
phosphorylation of glucose (see Fig. 3 at 
430 mp). 

Two of the cytochrome components 
affected by glucose addition are sug- 
gested by studies of the difference spec- 
trum obtained with a rapidly recording 
split-beam spectrophotometer. It is 
found that glucose addition causes the 


Cytochrome b Oxidation 4 


20mM Glucose 
Spectrophotometric Trace 
3 430-405my_y 
0g Ie/1=0,.005 


Oe i aes, 








a-Glucose uptake 





———50 sec——_-» 


Fig. 5. Spectroscopic response accompany- 
ing acceleration and inhibition of res- 
piration caused by glucose addition to a 
suspension of ascites tumor cells. The 
spectrophotometric trace is recorded with 
the double-beam spectrophotometer at 
430 mp (405 mp as a reference). (The 
changes of respiratory rate are measured 
by the platinum microelectrode.) In a 
separate experiment, with a different sus- 
pension of ascites tumor cells, chemical 
analysis shows glucose uptake to proceed 
rapidly following the addition of glucose 
and to be inhibited about a minute after 
its addition. (Exp. 498b, 0-92.) 
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Fig. 6. Possibilities for metabolic control in ascites tumor cells: a schematic representa- 
tion of interaction of glucose phosphorylating enzymes, glycolytic phosphorylations of 
ADP, and oxidative phosphorylations of ADP. In the interests of simplicity, many other 
interactions are arbitrarily omitted. The numbers refer to points at which control of 
metabolism may be exerted as follows: (1) Control of respiration by ADP concentration. 
(2) Control of ATP utilization by endogenous processes by the ATP concentration. (3) 
Control of the rate of glucose phosphorylation (either hexokinase or phosphohexokinase) 
by the ATP level. (4) A reservoir in which ATP formed in mitochondrial oxidative 
phosphorylation may be retained in such a way that it is not readily available for glucose 
phosphorylation. (5) Control of glycolytic or oxidative phosphorylation by the inorganic 
phosphate level. (6) Control of glycolytic phosphorylation by the ADP level. (7) Control 
of glycolytic phosphorylation by the substrate level (hexosediphosphate). (MD-65.) 


fused Soret bands of both cytochromes 
b and ¢ to diminish in intensity. Studies 
similar to those of Fig. 5 verify that 
these absorbancy changes also occur in 
the visible region of the spectrum (562 
and 550 mp). In summary, reduced py- 
ridine nucleotide, flavoprotein, cyto- 
chromes b and c, and in some cases cy- 
tochrome a are more oxidized during the 
glucose-activated phase of respiration. 
These data identify a crossover point 
(35) above cytochrome c for the activa- 
tion of the respiratory chain of the as- 
cites tumor cell caused by glucose addi- 
tion. This is in agreement with the 
experiments on isolated mitochondria 
where the same components were ob- 
served to be oxidized on ADP addition. 
In combination with the data of Fig. 4, 
we put forward strong evidence for the 
supposition that ADP produced in phos- 
phorylation of glucose momentarily ac- 
tivates the mitochondria of the cell and 
allows these slowly respiring cells to 
show their latent respiratory activity. 


Regulation of Metabolism 


Some responses of the cell to a 
change of its environment involve me- 
tabolic regulations. A well-known ex- 
ample of such a response is the Pasteur 
effect, in which the change in environ- 
ment may be from oxygen to ‘nitrogen, 
and vice versa. The metabolic responses 
to these changes are manifestations of 
the underlying mechanisms. Some re- 
sponses may give incisive information 
about the mechanism, others may not. 
The Pasteur response has been studied 
in detail for many years, but the lack 
of definitive results suggests that the 


consequences of initiation or cessation 
of oxygen metabolism are manifold 
and not easy to interpret. Initiation of 
glucose metabolism involving the Crab- 
tree response appears to be more easily 
understood, and two new responses, de- 
scribed below, are found most useful in 
the study of mechanisms of metabolic 
control. Ascites tumor cell suspensions 
are found to give four types of responses, 
two of which clearly differ from the Pas- 
teur and Crabtree effects; the third has 
a feature in addition to the Crabtree 
effect; and the fourth is a type of Pas- 
teur reaction. These responses have been 
studied in detail in order to reveal the 
steps in the reaction mechanism that can 
control metabolism. 

The sequences of chemical reactions 
involved in glucose and oxygen metabo- 
lism of the ascites tumor cell are sche- 
matically represented from the stand- 
point of possible pathways of metabo- 
lic control in Fig. 6. The Embden- 
Meyerhof sequence of glycolytic re- 
actions is divided into two parts, 
“phosphorylations of glucose” and “gly- 
colytic phosphorylations of ADP,” to 
emphasize ATP utilization and synthe- 
sis. The Krebs cycle and the respiratory 
chain are lumped together as “oxidative 
phosphorylation of ADP” to emphasize 
ATP synthesis by these enzymes. The 
hexosemonophosphate shunt is not in- 
cluded because it does not exert a direct 
effect upon the ATP level, and TPNH 
formed in this pathway is not an essen- 
tial intermediate in these regulations. 
The utilization of ATP by the cell for 
synthesis, transport, and other functions 
is indicated as a single function. Reserves 
of ATP, pyruvate, and glucose are rele- 
vant to the discussion that follows; other 








substances are omitted for the sake of 
simplicity. 

In cells freshly withdrawn from the 
mouse at about the sixth day of tumor 
growth, we find an endogenous respira- 
tion that is not greatly increased by py- 
ruvate addition. Figure 6 indicates a 
“pyruvate store” in which are lumped 
the Krebs cycle substrates which are 
apparently in excess in the endogenous 
condition. Glucose is present in low con- 
centrations. ATP is accumulated in a 
store available to hexokinase. 

The first response to glucose addition 
is an activation of glucose phosphoryl- 
ation, and the ADP formed thereby ac- 
tivates respiration (line 1, Fig. 6). In 
terms of the responses of isolated mito- 
chondria to ADP addition, the state 4-3 
transition occurs (35). 

The second response occurs where the 
added glucose concentration is less than 
the store of ATP and consists of an in- 
hibition of endogenous respiration after 
the added glucose has been expended in 
phosphorylation reactions. The excess 
ADP formed during glucose phosphoryl- 
ation is also expended by the mito- 
chondria, and respiration slackens be- 
cause of lack of ADP—a typical state 
3-4 transition in terms of the response 
of isolated mitochondria to a decrease 
of ADP concentration. The most strik- 
ing feature of this second response is the 
decrease of respiratory rate to a level 
considerably below that characteristic of 
endogenous metabolism (see Fig. 4C). 

A possible explanation for this inhibi- 
tion is that the ATP utilization associ- 
ated with endogenous metabolism has 
a low ATP affinity and a small decrease 
of the ATP store I (Fig. 6) is inhibi- 
tory. For example, the utilization of ace- 
tate has clearly been shown to be sensi- 
tive to dinitrophenol (48), and although 
it is not possible to identify the ATP- 
utilizing reactions involved here, a sen- 
sitivity to the ATP concentration is not 
unexpected. 

The third response occurs in the pres- 
ence of an excess of glucose and con- 
sists of an inhibition of both glucose 
utilization and respiration. In this case, 
the first response lasts longer, and accel- 
erated respiration and glucose utilization 
continue for about a minute, depending 
upon the condition of the cells, that is, 
upon the amount of their ATP in store 
I (Fig. 6). When this ATP store has 
been expended, respiration and glucose 
utilization decrease very markedly (see 
Fig. 5). A slackening of respiration after 
glucose addition has been observed in 
long-term experiments by Crabtree (15). 
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The very intense, short-term effects re- 
corded here are clearly due to a lowering 
of the intracellular ADP level that leads 
to a state 3-4 transition and to a system 
in which ADP is rate-limiting for respira- 
tion. However, the long-term Crabtree 
effect need not be a consequence of the 
same metabolic control; it is not neces- 
sary that all metabolic controls be exer- 
cised by the same chemical. 

The slackening of glucose metabolism 
in the presence of excess glucose (bot- 
tom trace, Fig. 5) is a novel part of the 
third response and requires special con- 
sideration. The above-mentioned reduc- 
tion of the ATP store is unexpected 
because the ADP formed in glucose phos- 
phorylation is largely rephosphorylated 
at ATP in the mitochondria (top trace, 
Fig. 5, and line 4, Fig. 6). The simplest 
hypothesis is that the ATP formed in 
the mitochondria is not directly availa- 
ble for glucose phosphorylation. It would 
appear that a compartment (see Lynen 
and Koenigsberger, 11; see also 16, 21, 
49) or an equivalent system for the re- 
tention of this newly formed ATP (line 
4, Fig. 6) may interrupt the flow of ATP 
back to the glucose-phosphorylating en- 
zymes and thereby control glucose utili- 
zation. The unavailability of the ATP to 
glucose phosphorylation is apparently 
subject to change with time; we find that 
the inhibition diminishes (see also 20a, 
50) and that uncoupling agents abolish 
the inhibition as discussed below. 

A fourth response is the release of in- 
hibition of respiration and of glucose 
utilization by the addition of an uncou- 
pling agent, Figures 4A and 4B clearly 
illustrate the reversal of respiratory in- 
hibition, and separate chemical studies, 
similar to those of Fig. 5 (see 25; see 
also 20, 20a), show the activation of 
glucose utilization. The explanation of 
the respiratory effect is straightforward: 
the mitochondria no longer require ADP 
(or phosphate) for respiration in the 
presence of an uncoupling agent (lines 
1 and 5 of Fig. 6 are not needed). The 
effect upon glucose utilization is a typi- 
cal Pasteur response (rapid aerobic gly- 
colysis in the presence of various uncou- 
pling agents). A hypothesis that is con- 
sistent with an explanation of the three 
responses described above is that a redis- 
tribution of ATP occurs upon addition 
of the uncoupling agent. In this redis- 
tribution, more ATP becomes available 
for the phosphorylation of glucose and 
more ADP (and phosphate) becomes 
available to the glycolytic phosphoryla- 
tions (see 1/1). 

While these four responses of the sche- 





matic representation of Fig. 6 are given 
here in qualitative terms, a complete 
representation of the kinetics of 26 chem- 
ical components in 17 equations has 
been accomplished by means of a spe- 
cial chemical kinetics program for Uni- 
vac I (51, 52). These solutions, which 
will be discussed in detail elsewhere 
(53), show a quantitative correspon- 
dence to the four responses observed ex- 
perimentally. Thus, the three features 
of this hypothesis—(i) an overriding 
ADP affinity at the mitochondria (8-10, 
26, 54) which are under control of the 
ADP level (44), (ii) a compartmentali- 
zation (//) of newly phosphorylated 
ATP (16) which can be released by un- 
coupling agents or by anaerobiosis (/1/, 
20), and (iii) a sensitivity of ATP utili- 
zation to the intracellular ATP level— 
appear to be adequate for an over-all de- 
scription of our currently available ex- 
perimental data. The agreement of the 
computer solutions and the experimen- 
tal data does not of itself eliminate other 
hypotheses for metabolic control, and 
they are discussed below. 

The possibility of a control of the ac- 
tivity of phosphohexokinase has been 
suggested from time to time. Recently 
Aisenberg and Potter have suggested 
that mitochondria exert this control 
(55), and their conclusion would appear 
to be applicable to the studies reported 
by Lynen (2). While it is apparently 
true that liver mitochondria, when 
mixed with the supernatant fluid from 
a brain homogenate, exert an inhibitory 
influence on glycolysis (55), the direct 
experiment on the ascites tumor cell in- 
dicates that the relationship of this 
enzyme to the mitochondria under physi- 
ological conditions is such that an inhi- 
bition is not noticeable. Prior to the 
addition of glucose under the experi- 
mental conditions in Fig. 5, the cells are 
in an excellent physiological state for 
the postulated inhibition to apply; they 
are respiring fairly actively, thus the 
concentration of any inhibitor (such as 
Y-phosphate) would be expected to be 
high (55). Nevertheless, added glucose 
is rapidly utilized in direct contradic- 
tion to the proposed inhibition mecha- 
nism. This experimental observation also 
makes it unlikely that the accumulation 
of glucose-6-phosphate is a cause of the 
inhibition of respiration, since, in this 
case, the second addition of glucose 
(Fig. 4C’) would not accelerate respira- 
tion to the same extent as the first addi- 
tion. Thus the explanation of ATP 
retention after its phosphorylation by the 
mitochondria, together with the decrease 
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of ATP available to hexokinase, is a hy- 
pothesis that is presently in agreement 
with the experimental data on the whole 
cell. 

Ibsen, Coe, and McKee (20a) pro- 
pose that Seikevitz and Potter’s (56) 
hypothesis for ATP-AMP control of res- 
piration applies here. However, the iso- 
lated mitochondria from the ascites 
tumor cell respond rapidly and directly 
to ADP alone, and liver mitochondria 
respond five times more rapidly to ADP 
than to AMP (57). In addition, the 
chemical data (20a) show responses of 
ADP that are much more appropriate to 
metabolic control by ADP than by AMP 
(see Fig. 8 in 20a). 

Chemical analysis of the changes of 
ATP and ADP during the first and third 
responses are in good qualitative agree- 
ment with the mechanism described 
(20a, 25). In the phase of activated 
metabolism the ATP level falls and the 
ADP level rises, and vice versa in the 
inhibited phase ot metabolism. Phos- 
phate falls somewhat in the activated 
phase due to the phosphorylative activ- 
ity, but rises somewhat in the inhibited 
phase, in agreement with our conclusion 
that lack of phosphate does not control 
the respiratory rate at this time (47). 

In the inhibited state of respiration 
after the third response, the levels of 
ATP, ADP, and inorganic phosphate as 
analyzed after disruption of the cell 
show average concentrations which are 
all in excess of the Michaelis constants 
for glucose phosphorylation or for respi- 
ration, Lynen (2) finds a related paradox 
in his chemical studies of the Pasteur 
effect in yeast cells. The response of the 
intracellular hexose phosphates to in- 
creased oxygen clearly indicates metabo- 
lic control in the glucose-phosphorylat- 
ing enzymes, probably due to a decrease 
of ATP concentration, yet the chemical 
data show no measurable change of the 
average ATP concentration. Further- 
more, chemical analyses of muscle in the 
resting state give results that are obviously 
inconsistent; the average ADP and phos- 
phate levels are sufficient to give maxi- 
mal respiratory activity (58), but the 
mitochondria are shown by spectroscopic 
observations of the respiratory carriers 
to be substantially free of phosphate or 
phosphate acceptor (59). It would ap- 
pear, therefore, that chemical analysis 
without intracellular localization can at 
best be only suggestive of the concentra- 
tion of a rate-limiting component and 
cannot be used to appraise metabolic 
responses involving a redistribution of 
nucleotides. 
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There have been two recent attempts 
to reconstruct the interactions indicated 
by Fig. 6 by mixtures of enzymes and 
mitochondria (55, 60). Such systems can 
be arranged to be dependent upon any 
one of the lines that interconnect the 
functions of Fig. 6 and are most useful 
for a demonstration of these properties 
of the system. However, two or more 
properties of the intact cell may be lack- 
ing. First, the retention of newly phos- 
phorylated ATP may not occur; and 
second, the control of respiration in the 
mitochondria by the phosphate and 
phosphate acceptor level is a very labile 
effect which may be impaired by the 
conditions of the experiment. The re- 
maining metabolic controls would be due 
to phosphate or phosphate acceptor at 
the level of substrate phosphorylations or 
to the substrate concentration itself at 
any point in the system. The fact that 
Wu and Racker (60) find inorganic 
phosphate (line 5, Fig. 6) and Aisenberg 
and Potter (55) find hexose diphosphate 
(line 7, Fig. 6) to be controlling under 
certain conditions in the reconstituted 
system is not unexpected. 

In different types of intact cells, the 
integrated action of the components of 
the system of Fig. 6 may not be expected 
to involve identical controls. Yeast and 
ascites tumor cells which have been 
studied by these methods demonstrate 
quantitatively different responses. In 
yeast, respiratory changes attributable 
to the retention of ATP can readily be 
demonstrated, but are less marked, prob- 
ably because the energy utilization by 
endogenous processes is less sensitive to 
changes in the ATP concentration. It is 
also possible that the control which ADP 
can exert over electron transfer in the 
mitochondria of the intact yeast cell is 
less marked than in mammalian cells, 
since isolation of yeast mitochondria in 
a state that demonstrates respiratory con- 
trol has not yet been accomplished. In 
microorganisms, evidence for respiratory 
control in isolated mitochondria is also 
lacking. However, the Pasteur effect, for 
example, does not require a universal 
mechanism; cells without mitochondrial 
respiratory control would show aerobic 
inhibition of glucose uptake simply by 
retention of ATP (see Fig. 6). Such cells 
would not be expected to show a Crab- 
tree effect, and so far this effect is found 
only in tumor cells. On the other hand 
such cells might employ the alternative 
pathways for metabolic control indicated 
by Fig. 6. 

Since the mitochondria cannot be used 
as indicators of the ADP and phosphate 


levels in the anaerobic cell, this experi- 
mental approach affords no new infor- 
mation under these conditions, and an- 
aerobic glycolysis may be controlled by 
the alternate pathways of Fig. 6. 


Summary 


The Pasteur and Crabtree effects dem- 
onstrate that changes at the beginning of 
the metabolic sequence for glucose me- 
tabolism give rise to effects at the end, 
and vice versa. We have presented here 
three additional responses of the ascites 
tumor cell suspensions, and presumably 
more will be uncovered. Each one of 
these responses is a manifestation of fac- 
tors in the underlying mechanism that 
are in the nature of chemical feedback 
of a linear or nonlinear nature. The me- 
tabolic reactions are sufficiently complex 
that it is unlikely that any single com- 
ponent or step need control metabolism 
in different types of cells or under all 
conditions for a particular cell. How- 
ever, it is due to a favorable circum- 
stance that, in an appropriate type of 
cell and with the use of a direct intra- 
cellular indicator for changes in ADP 
concentration, we can state that the res- 
piratory metabolism of the ascites tumor 
cell suspension, as freshly withdrawn 
from the mouse abdomen, is limited by 
the intracellular ADP concentration, and 
that this is why these cells show a pre- 
dominance of glycolytic over respiratory 
activity. The response of the metabolism 
to small and large additions of glucose 
illustrates aspects of the metabolic mech- 
anism which involve control of endoge- 
nous metabolism and compartmentaliza- 
tion of ATP formed in oxidative phos- 
phorylation, the net result being a de- 
pression of the respiratory activity. The 
results of this approach emphasize the 
importance of chemical assays of local- 
ized portions of the living cell in its 
physiological state (61). 


References 


1. T. K. Walker, Nature 181, 940 (1958). 

2. F. Lynen, in Neuere Ergebnisse aus Chemie 

und Stoffwechsel der Kohlenhydrate (Springer, 

Berlin, 1958), p. 155; summarized in Proceed- 

ings of the International Enzyme Symposium, 

Tokyo, October 1957 (Academic Press, New 

York, 1958). 

O. Warburg, Science 123, 309 (1956). 

W. A, Engelhardt, Biochem. Z. 251, 343 

(1932). 

A. Lennerstrand, Biochem. Z. 289, 104 (1937). 

, Naturwissenschaften 25, 347 (1937). 

V. A. Belitzer, Enzymologia 6, 1 (1939). 

F. Lynen, Ann. Chem. Liebigs 546, 120 

(1941). 

V. R. Potter, Advances in Enzymol. 4, 201 

(1944). 

. M. J. Johnson, Science 94, 200 (1941). 

. F. Lynen and R. Kosnigsberger, Ann. Chem. 
Liebigs 573, 60 (1951). 


Fa ad 





FS 2 gexoy 


— 


707 








12. R.A. Peters, Nature 177, 426 (1956). 

13. bs. Chance, Science 120, 767 (1954). 

14. R. W. Miner, Ann. N.Y. Acad, Sci. 63, 637 
(1956). 

15. H. G. Crabtree, Biochem. J. 23, 536 (1929). 

16. B. Chance and B. Hess, Ann. N.Y. Acad. Sci. 
63, 1008 (1956). 

17. O. Warburg and W. Christian, Biochem. Z. 
314, 399 (1943). 

18. J. P. Greenstein, Cancer Research 16, 641 
(1956). 

19. B. Chance and L. N. Castor, Science 116, 200 
(1952). 

20. E. F. Racker, Ann. N.Y. Acad. Sci. 63, 1017 
(1956). 

20a. H. K. Ibsen, E. L. Coe, R. W. McKee, Bio- 
chim, et Biophys. Acta 30, 384 (1958). 

21. B. Chance and B. Hess, “Electron transfer 
in the mammalian cell,” in preparation. 
rH , “Crossover phenomena in mitochron- 

dria of the ascites tumor cell,” in preparation. 

23. P. M. Nossal, Australian J. Exptl. Biol. Med. 
Sci. 31, 583 (1953). 

24. B. Chance and G. R. Williams, J. Biol. Chem, 
217, 395 (1955). 

25. B. Hess and B. Chance, ‘Chemical events 
following addition of glucose to ascites tumor 
cells,” in preparation. 

26. B. Chance and G. R. Williams, J. Biol. Chem. 
217, 383 (1955). 

27. L. N. Castor and B. Chance, ibid. 217, 453 
(1955). 

28. A. E. Reif and V. R. Potter, Cancer Research 
13, 49 (1953). 

29. J. G. Kidd, R. J. Winzler, D. Burk, ibid. 4, 
547 (1944). 





30. V.R. Potter, ibid. 16, 658 (1956). 

31. O. Warburg and E. Negelein, Biochem. Z. 
214, 64 (1929). 

32. B. Chance, in Methods in Enzymology, S. P. 
Colowick and N. O, Kaplan, Eds. (Academic 
Press, New York, 1957), vol. 4, p. 273. 

33. L. Ernster, O. Jalling, H. Low, O. Lindberg, 
Exptl. Cell Research Suppl. 3, 124 (1955). 

34, B. Chance, in Enzymes: Units of Biological 
Structure and Function, O. H. Gaebler, Ed. 
(Academic Press, New York, 1956), p. 447. 

§ and G. R. Williams, Advances in En- 
zymol. 17, 65 (1956). 

36. B. Chance, in The Mechanism of Enzyme 
Action, W. D. McElroy and B. Glass, Eds, 
(Johns Hopkins Press, Baltimore, 1954), p. 
399. 





37, ———, Nature 169, 215 (1952). 

, J. Biol. Chem. 233, 1223 (1958). 

39. D. Garfinkel, in preparation. 

40. B. Chance and G. R. Williams, J. Biol. Chem. 
217, 429 (1955). 

41. D. B. Polis and H. W. Schmuckler, Absér. 
Am. Chem. Soc. Meeting, New York, Sept. 
1954, 126, 72C. 

42. K. Kaziwara, Cancer Research 14, 795 (1954). 

43. T. S. Hauschka, S. T. Grinell, L. Révész, 
G. Klein, J. Natl. Cancer Inst. 19, 13 (1957). 

44. H. A. Lardy and H. Wellman, J. Biol. Chem. 
195, 215 (1952). 

45. O. Lindberg, M. Ljunggren, L. Ernster, L. 
Révész, Exptl. Cell Research 4, 243 (1953). 

46. J. H. Quastel and I. J. Bickris, Nature 183, 
281 (1959). 

47. B. Hess and B. Chance, ‘Phosphorylation 





News of Science 


Science Advisory Committee’s Recommendation for 
Science Council Being Implemented by Executive Order 


Rapid progress is being made on the 
implementation of the proposal of the 
President’s Science Advisory Commit- 
tee for the establishment of a Federal 
Council for Science and Technology. In- 
formed, observers in Washington indicate 
that an executive order establishing the 
new council and giving its membership 
can be expected very soon. The inter- 
agency council will have responsibility 
for promoting coordinated science pol- 
icy planning and more effective manage- 
ment of federal programs in science 
and technology. The recommendation 
for the council was made last December 
in the report “Strengthening American 
Science” issued by the President’s Sci- 
ence Advisory Committee. 


Major Problems Solved 


At this writing, the executive order 
that will bring the council into exist- 
ence is being reviewed by the Justice 
Department for any legal or jurisdic- 
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tional problems that might have been 
overlooked by its framers in the execu- 
tive department. Customarily, this re- 
view is the last step before an executive 
order is signed. Both the quality of the 
Advisory Committee’s original report 
and the early solution of the thorny prob- 
lem of council membership have con- 
tributed to the rapid progress of the 
work, according to various governmental 
sources. The membership problem of- 
fered one of the greatest difficulties. How 
many of the governmental agencies doing 
scientific work should be represented on 
the council? The committee report 
called for a membership of nine persons 
—the chairman and eight representa- 
tives from the various major governmen- 
tal agencies doing scientific and techno- 
logical work. 

The agencies, which were selected pri- 
marily on the basis of their expendi- 
tures for scientific activity, were the Na- 
tional Science Foundation, the Atomic 
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Energy Commission, the National Aero- 
nautics and Space Administration, and 
the departments of Defense, Interior, 
Commerce, Agriculture, and Health, Ed- 
ucation, and Welfare. The committee’s 
recommendation was accepted, and rep- 
resentatives of these agencies will consti- 
tute the council. In the case of three 
agencies, the National Science Founda- 
tion, the Department of Defense, and 
NASA, the representatives are known. 
In order, they are Alan Waterman, Her- 
bert York, and T. Keith Glennan. All 
but two of the remaining representatives 
are said to have been decided upon. It is 
expected that these persons will not be 
given new positions in their departments, 
but rather, they will be the existing sec- 
retary, one of the assistant secretaries, 
or a special assistant. In all cases the 
object is to have one man with general 
policy responsibility to represent effec- 
tively all the technical activities of his 
department. The position of Director 
of Defense Research and Engineering 
in the Defense Department exemplifies 
the type of representation the council 
needs. This position, now held by Her- 
bert York, was defined recently by Secre- 
tary McElroy as the top research and 
development position in the Department 
of Defense. 

A second problem that has been 
treated successfully by the Bureau of the 
Budget personnel working on the execu- 
tive order is that of reconciliation of 
previous executive acts with the new 
one. Orders which gave the National 
Science Foundation authority to coordi- 
nate governmental scientific activity and 
which established the Interdepartmental 
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Committee on Scientific Research and 
Development have been reviewed to en- 
sure that they are consonant with the 
responsibilities of the new council. This 
reconciliation, with its time-consuming 
legal and jurisdictional complexities, was 
the major procedural problem faced by 
those concerned with the order, it is 
understood. 


Few Changes Made 


The executive order is expected to 
follow the outline of the committee re- 
port on all major points. One of the few 
deviations is said to be that giving a 
greater emphasis to international aspects 
of science planning. It is believed that 
the recommendation that the science ad- 
viser to the Secretary of State attend 
the council’s meetings as an observer 
will be supplemented by other provisions 
that will promote greater recognition of 
the world-wide scope of American sci- 
entific efforts. 

The Science Advisory Committee’s re- 
port states that “the chairman of the 
council should be the Special Assistant 
to the President for Science and Tech- 
nology.” There is every reason to be- 
lieve that this recommendation will be 
accepted and that the first council presi- 
dent will be James R. Killian. 


Indirect Effects of Council Planning 


One effect of the work of implement- 
ing and staffing the Federal Council for 
Science and Technology was to stimulate 
thinking among the various federal agen- 
cies doing scientific work. When officials 
of the Bureau of the Budget asked for 
recommendations of persons to sit on 
the council the agencies whose scientific 
activities are fragmented and dispersed 
were forced to examine their organiza- 
tions and personnel. They had to ask 
themselves if they each had a man who 
was sufficiently on top of all the agency’s 
scientific activity that he could speak 
for it before the council. When such men 
could not be found, it is reported, duties 
were assigned and staff work was begun 
that would fill the need. This is one of 
the things the Science Advisory Com- 
mittee’s report was designed to accom- 
plish. 


Opportunities of the Council 


Great hopes are entertained by the 
committee for the new council. It is 
viewed as a means of eliminating the 
many ad hoc groups that have from time 
to time attempted to effect some coher- 
ent planning of the Government’s vast 
scientific activities and replacing them 
with one group with direct access to the 
executive department and with sufficient 
authority to reconcile the many programs 
that are put forth by the various agencies. 
Clear alternatives could be presented to 
the President, and the “capital and man- 
power bind” that now adversely affects 
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many projected scientific programs could 
be resolved in the way that best serves 
the national interest. 


Relationship to a Department of Science 


Contrary to some speculation, the new 
council is not to be viewed as a proto- 
type for an eventual department of sci- 
ence, according to informed sources. 
It is simply an attempt to solve the 
programming, funding, and _ resources 
problems that have multiplied to an un- 
manageable degree since the end of 
World War II. Science has come to be 
a major element in the national welfare 
and the national defense; the advisory 
committee believed that a Federal Coun- 
cil for Science and Technology offered 
the best means to accomplish this end. It 
was devised and offered to solve particu- 
lar problems in the most efficient way, 
and not to set the stage for a department 
of science or to abort any efforts in that 
direction. In the view of one commenta- 
tor, one of the great virtues of the coun- 
cil is that it is an innovation without the 
status and inertia of a full-fledged de- 
partment. If it works, if it solves the 
specific problems to which it is ad- 
dressed, so much to the good. If it does 
not, it can be abolished and replaced by 
whatever its experience shows to be the 
better mechanism—perhaps a depart- 
ment of science. But the view here is that 
the Federal -‘ouncil for Science and 
Technology the background plan- 
ning, the cooperation of the federal 
agencies, and the auspicious beginning 
that give promise of effective planning 
and management of the Government’s 
expanding scientific and technological 
activities. 





Bethe Testifies on New Data, and 
Their Relationship to Geneva Talks 


Speaking before the Joint Atomic En- 
ergy Committee’s subgroup on disarma- 
ment, Hans Bethe, professor of physics 
at Cornell University and member of 
the President’s Science Advisory Com- 
mittee, gave his views last month on cer- 
tain scientific findings that have bearing 
on the armament control tatks now un- 
derway in Geneva, Switzerland. Bethe 
said that he would like to see the manned 
surface seismographic stations that are 
now being considered supported by many 
robot stations both on the surface and in 
deep wells around the earth. Bethe’s tes- 
timony, which was well received by the 
subcommittee, covered many aspects of 
the related problems of nuclear weapon 
testing and detection. 

The testimony was presented 2 Febru- 
ary and was released later in the month 
after classified material had been de- 
leted. Two passages from the transcripts 
of the hearings are published here. 


Effect of Data on Geneva Conclusions 


Senator Hubert Humphrey (D- 
Minn.), chairman of the subcommittee: 
“What Dr. Bethe is attempting to help 
us with today, is the effect of the new 
data upon the conclusions drawn by the 
Geneva Conference of Experts.” 

Bethe: “That is what I hope to say.” 

Humphrey: “As you know some peo- 
ple said that the new data necessitated 
a complete reevaluation of what had 
taken place at Geneva last summer. They 
have said that the conclusions last sum- 
mer have been made invalid because of 
the new explosions, since the conclusions 
last summer at Geneva were based pretty 
much on the Rainier test, plus the theo- 
retical knowledge we had, plus the 
knowledge about earthquakes and non- 
nuclear explosions.” 

Bethe: “Yes.” 

Humphrey: “But with these four nu- 
clear explosions last October, new data 
were obtained, and some people have 
said that the new data literally washed 
out all that had been accepted as true 
before. What Dr. Bethe is saying is that 
the new data didn’t affect the first zone 
[0 to 600 miles] or the second zone [1400 
miles and further], but it did show up a 
few tracings in the shadow zone [600 to 
1400 miles]. Is that right?” 

Bethe: “That is correct, except that 
I said that the magnitude of the signal 
in the first and second zone was less 
thane. & 

Humphrey: “Than they had antici- 
pated.” 

Bethe: “Than they had anticipated.” 

Humphrey: “In other words, the 
larger explosions theoretically should 
have yielded a larger magnitude in the 
first zone and the second zone.” 

Bethe: “That is correct.” 

Humphrey: “But they did not. In 
other words, the practical experience did 
not fully substantiate the theoretical con- 
clusions.” 

Bethe: “That is correct.” 

Humphrey: “However, the practical 
experience did not destroy the theoretical 
evaluations.” 

Bethe: “That is also correct.” 

Humphrey: “It only turned out to be 
a little less.” 

Bethe: “That is correct.” 

Humphrey: “In other words, the as- 
sumptions were greater than the fact.” 

Bethe: “That is correct.” 


Result of October Tests 


Bethe: “This is what I want to testify 
to, just this problem. The main result of 
the October tests in Nevada was not what 
I said before, but the main result was 
that the first motion of the earth as re- 
corded by the seismograph is reduced to 
about 40 percent of what we previously 
expected. Now the first motion is im- 
portant because this is the way we tell 
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explosions from earthquakes. In explo- 
sions, as I told in my previous testimony 
to you, the first motion is always out- 
ward, You push the earth away by the 
explosion, and you observe this outward 
motion at all seismic stations wherever 
you are. In an earthquake, on the other 
hand, you get an outward motion in some 
directions and an inward motion in other 
directions, and therefore, if you can ob- 
serve the seismic signal at many stations, 
then you can tell an earthquake from 
an explosion by observing carefully the 
first motion. If you find that at all sta- 
tions the first motion is positive, as we 
say, outward, upward, then you have an 
explosion. If you observe that it is posi- 
tive at some stations and negative at 
other stations, then you have almost 
surely an earthquake. 

“Now the Geneva Conference of Ex- 
perts did not write this conclusion down 
in detail, but generally agreed in the dis- 
cussions that in order to identify an 
earthquake one should observe two nega- 
tive motions: one should have at two 
seismic stations a clear negative signal, 
downward signal, where the earth first 
moves down and then comes back up 
again. So it is the first motion which 
permits you to tell an explosion from an 
earthquake. 

“Now why is that important? It is im- 
portant because there are hundreds of 
earthquakes each year which give as big 
a signal as the explosions that we are 
concerned about, and therefore we must 
be able to distinguish the earthquakes 
from the explosions, and the best way 
we have found so far is this first motion. 
This is not the only way, but it is the best 
way, the most established way.” 





Education Act Hearings Stir 
Altercation on Security Clauses 


In hearings before the Committee on 
Education and Labor of the House of 
Representatives a wide range of testi- 
mony has been presented recently on the 
progress of the National Defense Educa- 
tion Act of 1958. Officials from the U.S. 
Office of Education spoke on the imple- 
mentation of the various titles of the 
act and discussed some of the problems 
that have arisen. One subject, the con- 
troversial loyalty oath and disclaimer 
clauses, caused an exchange that brought 
out the positions of a number of com- 
mittee members. 

Many members of the academic com- 
munity are opposed to these clauses on 
the grounds that the first is unnecessary 
and that the second implies that the 
student is a “particularly suspect part of 
the population” who must pass a special 
test not required of other citizens. The 
exchange on the two security sections of 
the act, taken from a stenographic tran- 
script, follows. 
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Frank Thompson (D-N.J.): “I think 
before we leave the loan fund I would 
like to ask Mr. Derthick whether he 
shares the feeling expressed by Secre- 
tary Flemming on about December 15, 
concerning the loyalty oath provision 
of this act.” 

Lawrence Derthick, U.S. Commis- 
sioner of Education: “I do.” 

Thompson: “In other words, you feel 
they are not necessary?” 

Derthick: “I do.” 

Thompson: “I am very glad to hear 
that. Mr. Frelinghuysen (R-N.J.), has 
legislation which would eliminate it. I 
have it, and others do. 

“IT note with some interest I have 
communications from a great many in- 
stitutions, the president of Yale Univer- 
sity wrote a beautiful letter to the Secre- 
tary in this connection, which I think 
should be made a part of the record, 
Mr. Chairman, and I would like to do 
that. 

“Princeton, Harvard, Yale, Bryn 
Mawr, three colleges in Maine, and nu- 
merous others, have expressed them- 
selves as not being interested in partici- 
pating in the loan features of the act if 
the loyalty oath remains.” 

Graham Barden (D-N.C.), chairman 
of the full committee: “Mr. Chairman?” 

Cleveland Bailey (D-W.Va.), chair- 
man of the subcommittee on general ed- 
ucation and the presiding officer: “Mr. 
Barden.” 

Barden: “Mr. Chairman, I would not 
like for that exchange of remarks to go 
by as though it had the unanimous ap- 
proval of this committee, because as a 
member of the committee I shall resist 
with everything that is within me the 
removal of that provision. 

“Now, I have heard enough of this, 
every time we pass a law there is some- 
body who wants to come in and grab the 
money. They are interested in the money, 
then they want to raise a great howl 
over taking an oath of allegiance to 
America. 

“I have been signing and swearing 
allegiance to America ever since I was a 
Boy Scout; did so when I entered the 
service in World War I, and have done 
so thousands of times since, including 
the oath that I did not belong to any 
organization that advocated or taught 
the overthrow of my government. 

“When I became a member of Con- 
gress I took an oath. Every clerk or em- 
ployee connected with this Congress, 
everyone who works for this government, 
takes that kind of oath, now up comes a 
bunch of college professors thinking it 
is so horrible and terrible to have to say 
they will not belong or do not belong 
to an organization that teaches the over- 
throw of this government. 

“Here we are pouring out billions of 
dollars to teachers and professors to 
teach people. Are they going to instruct 





kids that they do have a right to belong 
to organizations that teach the over- 
throw of this government? 

“IT shall resist the removal of these 
obligations with everything there is in 
me. I do not think that is going to make 
any loyal citizen out of anybody, but 
the very fact that somebody raises the 
question and resists making a full decla- 
ration of loyalty raises some question in 
my mind. Now, I could not sit here and 
let that go.” 

Thompson: “I can understand the 
chairman’s sentiments. I might point out 
that as well as is known, I doubt that a 
practicing communist would have any 
hesitation on swearing on any number 
of Bibles that he was not a communist.” 

Braden: “It will not hurt him to tell 
one more lie which he will gladly do.” 

Bailey: “Gentlemen, we will thresh 
this out in executive session when we are 
ready to vote on this bill.” 

John LaFore (R-Pa.): “For the rec- 
ord, I would like to associate myself 
with the chairman and his remarks.” 

Dominick Daniels (D-N.J.): “I do 
likewise.” 

Robert Griffin (R-Mich.): “Mr. 
Chairman, before we leave this section, 
because it deals with the administration 
of the acts, I would like to ask the com- 
missioner, how are you administering 
this particular provision? It says that an 
affidavit shall be filed with the commis- 
sioner. Has a form been drawn up and is 
this thing in operation now?” 

Derthick: “Let me say that our posi- 
tion does not object to the first part of 
this requirement. The oath of allegiance 
we don’t object to that at all. Dr. Bab- 
bidge, would you report in response to 
Mr. Griffin’s question?” 

Homer Babbidge, an assistant to Der- 
thick in the Office of Education: “Forms 
have been developed in connection with 
each program under which students re- 
ceived assistance. They will be required 
to fill out the form.” 

Griffin: “May I suggest that it be in- 
serted in the record at this point.” 

Babbidge: “We will be very happy to 
do so.” 

Roy Wier (D-Minn.): “Mr. Chair- 
man, I see a difference here of a point of 
view. I have no objection at all to the 
allegiance to the United States, but the 
communists, they are something else 
again. I think everybody here ought to 
take an allegiance, but the allegiance 
and the communist oath are two differ- 
ent things.” 

Barden: “As long as I am willing to 
do what I have done, and that is bare 
my chest to the bullets of enemy nations, 
I am willing to take any oath and pre- 
serve it and keep a screwball from get- 
ting into a position of spreading some 
kind of propaganda or something that 
will harm my government. I feel that 
very strongly. 
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“T must say this: I think Mr. Flem- 
ming should entertain himself in some 
other manner than attacking these re- 
quirements which were approved and 
passed by the Congress of the United 
States, and signed by the President. 

“We are representatives of the people 
and we, likewise, are servants like the 
rest. So I am not so fond of Mr. Flem- 
ming’s attack. If he has a suggestion to 
make about it, the committee is the 
proper place to do it and not shower 
that kind of stuff on members of Con- 
gress who are doing the best they can 
to safeguard and protect this country 
from every type of enemy or termite 
that might relish an opportunity to dig 
from within.” 


Australian Atomic Institute 


The inaugural meeting of the Austral- 
ian Institute of Nuclear Science and 
Engineering was held on 4 December at 
the headquarters of the Australian 
Atomic Energy Commission, Coogee, 
New South Wales. 

At the meeting, the institute formally 
came into being when its constitution 
was unanimously adopted by its found- 
ing members, comprising every Austral- 
ian university and the commission. 
Through the institute, the commission 
will allow universities to use nuclear re- 
search reactor HIFAR and other equip- 
ment and facilities at the Lucas Heights 
Research Establishment which is near 
Sydney. The institute will be managed 
by a council of commission and univer- 
sity representatives and a small perma- 
nent secretariat. The council, through 
the secretariat and in association with 
the commission, will organize research 
projects and training courses for univer- 
sity staff members and students at Lucas 
Heights. 

The Commonwealth Government has 
provided £60,000 for a headquarters 
building at Lucas Heights. This will in- 
clude a lecture hall, study rooms, and 
offices and will be ready for occupation 
by mid-1959. 

The objectives of the institute, as set 
out in the rules adopted by the inaugural 
meeting, include the carrying out of re- 
search and investigations in connection 
with matters associated with uranium or 
atomic energy; arrangements for the 
training of scientific research workers 
and the establishment of scientific re- 
search studentships and fellowships in 
matters associated with uranium or 
atomic energy; the collection and dis- 
tribution of information relating to 
uranium or to atomic energy; the pub- 
lishing of scientific and technical re- 
ports, periodicals, and papers in connec- 
tion with the activities of the institute 
and other similar activities. 

The meeting elected as first president 
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of the institute, D. O. Jordan, professor 
of physical and inorganic chemistry at 
the University of Adelaide. Vice-presi- 
dents will be representatives of the uni- 
versities of Melbourne and New South 


Wales. 


News Briefs 


The Atomic Energy Commission has 
established an awards program for out- 
standing top-management contractor em- 
ployees upon their retirement. Its pur- 
pose is to formally recognize noteworthy 
performance and length of service. The 
award will be a parchment scroll. It will 
be given to management employees who 
have performed outstanding _ service 
under an AEC contract for an extended 
period of time and who retire from the 
contractor organization while they are 
still engaged in AEC work. 

* * * 

The National Broadcasting Company’s 
television program on weather, “The 
Unchained Goddess,” is being repeated 
on 22 March. This hour-long Bell Sys- 
tem program, which was directed by 
Frank Capra, explains weather funda- 
mentals with the help of animated char- 
acters and charts. Meteorologists Bern- 
hard Haurwitz and Morris Neiburger 
were technical advisers. 

* 2 @ 

The Columbia University School of 
Engineering’s new program of college- 
level science courses for gifted high- 
school students, inaugurated last fall, 
has met with such success that plans are 
under way to make it permanent if suffi- 
cient financial support is forthcoming. 
An expanded class, with possibly a dozen 
high-school science teachers as observers, 
is in prospect for the 1959-60 academic 
year. High schools within commuting 
distance of New York may nominate 
students during the spring. 


Scientists in the News 


JAMES B. CONANT, chemist and 
president emeritus of Harvard Univer- 
sity, has been presented the 1959 Tuition 
Plan Award for outstanding service to 
education, in tribute to his 2-year study 
of American high schools. The award 
was presented before an assemblage of 
education leaders at the organization’s 
19th annual luncheon forum at the 
Sheraton-East Hotel in New York. 

Conant was cited for his “very special 
service to education” through what has 
been termed the’most extensive examina- 
tion of the American high school ever 
made. The findings of his study, financed 
by grants of $370,000 from the Carnegie 
Corporation, are detailed in his formal 
report, The American High School To- 
day. 


WILLARD F. LIBBY, scientist mem- 
ber of the U.S. Atomic Energy Commis- 
sion who recently announced that he 
will resign in June, received Dickinson 
College’s annual $1000 Priestley Memo- 
rial Award on 19 March. Libby, a nu- 
clear chemist, was the first to find car- 
bon-14 atoms in nature. He is the 
founder of radiocarbon dating. 


GEORGE E. UHLENBECK, profes- 
sor of theoretical physics at the Univer- 
sity of Michigan and codiscoverer with 
Samuel E. Goudsmit of Brookhaven Na- 
tional Laboratory of electron spin, has 
been elected president of the American 
Physical Society. He succeeds JESSE W. 
BEAMS, professor of physics at the Uni- 
versity of Virginia. 


R. WINSTON EVANS, pathologist 
in the department of clinical pathology 
at the University of Liverpool, England, 
has been named visiting professor of 
pathology at the University of Chicago. 
He is the author of Histological Appear- 
ances of Tumours. 


NORMAN KRETCHMER, associate 
professor of pediatrics at Cornell Uni- 
versity Medical School, has been ap- 
pointed head of Stanford University’s 
pediatrics department, effective 1 July. 
He will succeed ROBERT H. ALWAY, 
dean of Stanford University Medical 
School. RUTH T. GROSS, associate 
professor, has been acting head of the 
pediatrics department for the past 2 
years. 


A competition designed to encourage 
improvement of apparatus for physics 
teaching was held at the recent annual 
meeting of the American Association of 
Physics Teachers in New York, under 
the sponsorship of the association’s com- 
mittee on apparatus and with the sup- 
port of the W. M. Welch Scientific Co. 

The first prize of $500 in the lecture- 
demonstration category was won by 
HAROLD M. WAAGE, of the physics 
department at Princeton University, for 
a beat analysis using an optical pen- 
dulum. 

The first prize of $500 in the labora- 
tory category was won by WILLIAM M. 
WHITNEY and ROBERT G. MARC- 
LEY, both of the physics department of 
Massachusetts Institute of Technology; 
for air-suspended collision disks for 
studying conservation of momentum. 


CLARE P. STANFORD, formerly of 
the Westinghouse Electric Company’s 
Atomic Power Division, has been ap- 
pointed chief of the engineering depart- 
ment in the nuclear division of the 
Martin Company, Baltimore, Md. He 
succeeds J. A. HUNTER, who has been 
assigned to the office of the vice-presi- 
dent for engineering. 
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GORDON E. DUNN, Weather Bu- 
reau meteorologist in charge of the 
Miami Hurricane Forecast Center, has 
received a gold medal citation for his 
contributions to the field of hurricane 
warnings. The citation was presented at 
the 11th annual Awards Program of the 
U.S. Department of Commerce, Wash- 
ington, D.C. 


DORSEY E. HOLTKAMBP, senior 
research scientist with Smith, Kline and 
French Laboratories, Philadelphia, Pa., 
has been appointed head of the depart- 
ment of endocrinology of the Wm. S. 
Merrell Company, Cincinnati, Ohio. 


JOHN M. BLOCHER, Jr., for 12 
years a member of the research staff at 
Battelle Memorial Institute, Columbus, 
Ohio, has been appointed chief of the 
institute’s division of inorganic chemistry 
and chemical engineering. 


JOHN R. BEEM, assistant professor 
of medicine and director of the hyper- 
tension renal section at Hahnemann 
Medical College and Hospital, Philadel- 
phia, Pa., has been appointed director of 
clinical research at the Warner-Lambert 
Research Institute, Morris Plains, N.J. 


JOSEPH E. RALL, chief of the clin- 
ical endocrinology branch of the Na- 
tional Institute of Arthritis and Meta- 
bolic Diseases, Bethesda, Md., has re- 
ceived the Arthur S. Flemming award. 
He was cited for research which has pro- 
vided new information on the chemistry 
of the hormones secreted by the thyroid 
gland and on the effects of these hor- 
mones on tissues. 


MERVIN J. KELLY and WALTER 
H. FREYGANG were presented the 
1959 Stevens Honor Awards at the an- 
nual dinner of the alumni association 
of the Stevens Institute of Technology, 
which took place on 26 February in New 
York. Kelly is chairman of the board of 
Bell Telephone Laboratories, and Frey- 
gang is president and director of the 
Kidde Manufacturing Company. 


HARRY HARLOW of the University 
of Wisconsin will discuss “The Intellec- 
tual Development of the Infant Monkey” 
as a Sigma Xi national lecturer at a 
number of colleges and universities dur- 
ing March and April. 


RUTH FOX, psychoanalyst, has been 
named medical director of the National 
Council on Alcoholism, 2 E. 103rd St., 
New York. Dr. Fox performed pioneer- 
ing research on the use of Antabuse. 


ALFRED S. EVANS, director of the 
preventive medicine section of student 
health and associate professor of medical 
microbiology at the University of Wis- 
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consin Medical Center, has been ap- 
pointed chairman of the newly estab- 
lished department of preventive medi- 
cine and director of the State Laboratory 
of Hygiene. He succeeds WILLIAM D. 
STOVALL as director of the hygiene 
laboratory. Stovall, who has headed the 
unit for more than 30 years, will serve as 
acting director until 1 September to al- 
low Evans to study epidemiology and 
public health at the University of Mich- 
igan School of Public Health. 


JOSEF BROZEK, associate professor 
in the Physiological Hygiene Laboratory 
at the University of Minnesota, has been 
named head of the department of psy- 
chology at Lehigh University. He suc- 
ceeds NATHAN B. GROSS, associate 
professor of psychology, who has been 
acting head of the department since 
1957. 

Also at Lehigh, H. RICHARD 
GAULT, professor of geology, has been 
named head of the department, effective 
1 July. He will succeed BRADFORD 
WILLARD, who has been department 
head since 1939. 


WILLIAM KAUFMAN of Bridge- 
port, Conn., American editor-in-chief 
of the International Archives of Allergy 
and Applied Immunology, has been 
elected a fellow of the Royal Society of 
Medicine (England). 


PAUL C. BEAVER, professor of 
parasitology at Tulane University Medi- 
cal School and a member of the faculty 
since 1945, has been named to Tulane’s 
William Vincent professorship in tropi- 
cal diseases and hygiene. He succeeds the 
retiring ERNEST C. FAUST, who will 
continue as field coordinator of the Tu- 
lane consultant program with the seven 
medical schools in Colombia, South 
America. 


AKSEL A. BOTHNER-BY has been 
appointed assistant director of research 
of Mellon Institute, Pittsburgh, Pa. In 
his new position he will devote himself 
principally to the institute’s fundamental 
research program, with primary respon- 
sibility for organic chemistry. He will 
continue to participate in research in 
theoretical organic chemistry and nu- 
clear magnetic resonance. Bothner-By 
joined the Mellon research staff last 
year. 

Also at Mellon Institute, WILLIAM 
C. HUNT has been appointed to the 
newly created post, head of scientific 
relations, He has been administrative fel- 
low of the H. H. Robertson Company’s 
Protected Metals Fellowship since 1956. 
In his new capacity he will provide ad- 
ministrative assistance to the institute’s 
research directors by coordinating rela- 
tions with sponsors of the fundamental 
research program. 





Recent Deaths 


WILLIAM M. COOPER, New York; 
64; specialist in vascular surgery and 
circulatory diseases; former adjunct pro- 
fessor of surgery at Polyclinic Hospital; 
16 Feb. 

FREDERICK I. DESSAU, Grand 
View, N.Y.; 49; head pathologist at 
Lederle Laboratories; educated in Ger- 
many; came to the United States in 1938, 
where he did research work at Yale and 
Harvard medical schools; joined Lederle 
in 1943; 23 Feb. 

THOMAS L. ECKERSLEY, London, 
England; 72; research scientist with the 
Marconi Company from 1919 until his 
retirement in 1946; worked on the resist- 
ance of transmitting aerials and later di- 
rected a research team that carried out 
many pioneering investigations of the 
ionosphere; 15 Feb. 

LUIGI EMANUELI, Milan, Italy; 
75; vice chairman of Pirelli, Italy’s lead- 
ing manufacturer of tires and submarine 
cables; joined Pirelli in 1907 as research 
engineer in the cable department; de- 
signed the first length of oil-filled cables 
for the insulation of high-voltage electric 
current and made many improvements 
in submarine telephone cables; 17 Feb. 

ANDREW J. MOYER, St. Peters- 
burg, Fla.; 59; microbiologist with the 
U.S. Department of Agriculture since 
1929; devised methods for producing an 
increase in the yields of penicillin; 18 
Feb. 

Sir OWEN W. RICHARDSON, Lon- 
don, England; 79; director of research in 
physics at King’s College, London Uni- 
versity, 1924-44; winner of the Nobel 
Prize for physics in 1928; 15 Feb. 

PIERRE RYCKMANS, Brussels, Bel- 
gium; member of the Belgian Atomic 
Energy Commission and a pioneer in nu- 
clear energy development; played an im- 
portant role in the establishment of the 
International Atomic Energy Agency; 
20 Feb. 

MATTHEW TAUBENHAUS, Chi- 
cago, Ill.; 55; vice chairman of the de- 
partment of medicine at Michael Reese 
Hospital, Chicago; before joining the 
hospital in 1939, practiced internal medi- 
cine in Vienna, Austria; 16 Jan. 

SEYMOUR D. VESTERMARK, 
Washington, D.C.; 56; chief of the train- 
ing branch of the National Institute of 
Mental Health from 1948 to 1958; par- 
ticipated in a pioneer field investigation 
of the epidemiology of mental disorders 
in Lexington, Ky.; 23 Feb. 

ERNST K. WINTER, Tappan, N.Y.; 
63; professor of sociology at the Univer- 
sity of Vienna since 1955; professor of 
sociology and social philosophy of the 
Graduate School at the New School for 
Social Research, 1938-55; vice mayor of 
Vienna from 1934 until 1938, when he 
left Austria and came to the United 
States; 4 Feb. 
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Book Reviews 


Peace without Victory. Woodrow Wilson 
and the British liberals. Laurence W. 
Martin. Yale University Press, New 
Haven, Conn., 1958. xi+230 pp. 
$4.50. 


Although much has been written about 
the sources of Woodrow Wilson’s views 
on foreign affairs, one important influ- 
ence which has not previously been de- 
scribed in detail was that exerted by the 
radical wing of British liberalism. In a 
scholarly, readable book, Laurence W. 
Martin, who teaches political science at 
Massachusetts Institute of Technology, 
has traced the interplay of ideas between 
the American President and the British 
radicals, a relationship which began early 
in 1915 during Colonel House’s mission 
to Europe and which continued through- 
out the war years. Martin has prefaced 
his account with a brief but informative 
discussion of the liberal inheritance that 
was shared by Wilson and the radicals. 

The outbreak of hostilities in 1914 pro- 
foundly shocked the Liberal party. The 
majority of its supporters quickly rallied 
behind the Government and accepted the 
position of Asquith and Grey that Britain 
had no choice but to join her Continen- 
tal allies in opposing the Central Powers. 
However, a highly articulate minority of 
politicians, journalists, and publicists— 
know as the radicals—were critical of 
the decision to enter the war. The radi- 
cals blamed the “system” of diplomacy 
and power politics more than the aggres- 
sive designs of any one country, thus ex- 
pressing a traditional liberal view of 
foreign affairs and one that had been 
developed in the writing of such students 
of international relations as J. A. Hob- 
house, Norman Angell, and E. D. Morel. 
Through the press and in parliamentary 
speeches the radicals warned their coun- 
trymen that a military victory alone 
would not ensure a lasting peace; a new 
approach to world problems was re- 
quired. In President Wilson they saw a 
powerful ally. As the leader of the strong- 
est neutral nation, he could exert influ- 
ence on the belligerent governments and 
induce them to think in terms of “peace 
without victory.” 

These were views to which Wilson was 
receptive. The President began to draw 
ideas from the radicals, and they in turn 
gave support to his.efforts at mediation, 
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elicitation of war aims, and formulation 
of conditions for peace. Some of Wilson’s 
speeches after the American declaration 
of war troubled the radicals, but they 
found reassurance in his Fourteen Points. 
He carried to the peace table their hopes 
for reasonable terms and a new interna- 
tional order. 

The realization of many of the aspira- 
tions of Wilson and the British radicals 
was frustrated, as the author indicates, 
by the difficulty of applying “liberal pre- 
cepts to the real world of fear, ambition, 
and unaccommodating geography,” and 
by the popular passions aroused during 
a long and bloody conflict. Nevertheless, 
their approach to international affairs 
has remained influential on both sides of 
the Atlantic. 


Hiram Stout 
Washington, D.C. 


The Geology of Uranium. Supplement 
No. 6 of the Soviet Journal of Atomic 
Energy, Atomic Press, Moscow, 1957; 
translated from the Russian. Consult- 
ants Bureau, New York, 1958. vi+ 128 
pp. Illus. $6. 


The title of this translation is a mis- 
leading abbreviation of the Russian title, 
Problems in the Geology of Uranium. 
The book makes no pretense of being 
what the English title implies—a com- 
prehensive treatise on uranium geology 
—but is simply a modest collection of a 
dozen papers by various authors on a few 
topics related to uranium. 

The first three papers are detailed de- 
scriptions of specific occurrences of ura- 
nium ore and are marred only by the 
fact that they contain no geologic maps 
and no indication as to where the de- 
posits are located. The first two concern 
bedded deposits in metamorphosed clas- 
tic sediments of Paleozoic age. As is so 
often true of such deposits, the relations 
of ore to sedimentary structures, tectonic 
structures, and intrusive contacts permit 
a variety of interpretations; the authors 
favor concentration of uranium by meta- 
morphism of original uranium-rich sedi- 
ments but recognize that the evidence is 
not conclusive. The third paper describes 
a uranium occurrence in folded Jurassic 
sandstones and coal beds, where field 


relations suggest deposition of uranium 
from ground water moving through per- 
meable beds, the uranium being derived 
by leaching of adjacent granites and 
being deposited by adsorption and reduc- 
tion by the organic compounds in coal. 

The next four papers are technical de- 
scriptions of new uranium minerals—the 
silicates nenadkevite and ursilite and 
the phosphates uramphite and natroau- 
tunite. The eighth paper describes the 
artificial production of uraninite by heat- 
ing a slice of carbonaceous shale in a 
dilute uranium solution to 300°C, and 
the ninth paper is a survey of experi- 
ments on the thermal behavior of miner- 
als of sexivalent uranium. The next two 
papers are concerned with a method of 
determining uranium in ores by measur- 
ing beta and gamma radiation. The final 
paper is a résumé for Russian readers of 
the methods of aerial radiometric pros- 
pecting used in the United States, Can- 
ada, and Australia. 

The articles provide a good sample of 
the kind of geological and mineralogical 
work being done on uranium deposits in 
Russia. The similarity to current work 
in this country is most striking—the same 
questions are being asked, the same hy- 
potheses are being weighed, and the same 
combination of field and laboratory tech- 
niques is being used. In comparison with 
recent American papers of the same sort, 
two differences are notable: The Russian 
papers in general are more loosely or- 
ganized and more repetitive, suggesting 
that the authors are under less editorial 
pressure to express themselves as con- 
cisely as possible, and the Russian au- 
thors make far more use of current Amer- 
ican literature than American authors do 
of Soviet literature. 

Consultants Bureau should be com- 
mended for a translation that is readable 
and technically accurate (except for a 
few minor slips) and for excellent re- 
productions of photographs and draw- 
ings from the original papers. 

Konrap B. KrauskopF 
School of Mineral Sciences, 
Stanford University 


Handbuch der Physik. vol. 38, pt. 1, Ex- 
ternal Properties of Atomic Nuclei. S. 
Fliigge, Ed. Springer, Berlin, 1958. 
vi+471 pp. Illus. DM. 118. 


A sufficient number of volumes of the 
new edition of the Handbuch der Physik 
have appeared to provide a clearer pic- 
ture of the magnitude of the task. The 
tremendous expansion in physics research 
in the past 25 years has posed serious 
problems for the systematizers of knowl- 
edge. Should articles be devoted to cur- 
rently popular models of nuclei which 
may change drastically in a few years? 
How detailed should the papers be? 
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Should one devote space to compilations 
of data? 

Since the last edition of the Handbuch, 
physics writing has expanded so that we 
are bombarded continually with reviews, 
surveys, and tabulations of data. Most of 
these appear as journal articles—a form 
befitting their ephemeral status. The life- 
time of a compilation is now not 25 years 
but at most 3 or 4 years. Of more lasting 
importance are the excellent books we 
now have on many special topics. 

The papers which made the earlier 
Handbuch a classic were those which 
presented thorough discussions of prin- 
ciples and ideas, on dynamics, thermo- 
dynamics, and electromagnetic theory. 
In particular, the papers of Pauli and 
Bethe served (and still serve) as the 
prime texts for quantum mechanics. The 
new edition has preserved these beautiful 
articles and added some new ones of 
comparable caliber, but the chopping up 
of many subjects has made the Hand- 
buch resemble, in places, a handbook of 
formulas and tables, with cross references 
from one incomplete presentation to an- 
other, 

I can offer no good solution to the en- 
cyclopedists’ dilemma. 

The principal article in the present 
volume is by G. Laukien, on high-fre- 
quency nuclear resonance spectroscopy. 
It gives a thorough, self-contained pres- 
entation of a whole new field which has 
developed since 1945. The discussion of 
solutions of the equations of motion is 
excellent. Circuits and experimental 
techniques are compared and criticized. 
Especially good is the discussion of pre- 
cision measurements of the proton mo- 
ment. The article concludes with a tabu- 
lation of nuclear moments. 

For lack of space, I shall only enumer- 
ate the other, shorter articles included in 
the present volume: “Atomic masses of 
nuclides,” by A. H. Wapstra; “Determi- 
nation of atomic masses by microwave 
methods,” by S. Geschwind; “Determi- 
nation of nuclear spins and magnetic 
moments,’ by F. M. Kelly; “Isotope 
shifts,’ by L. Wilets; and “Determina- 
tion of nuclear quadrupole moments,” 
by C. H. Townes. 

Morton HAMERMESH 
Argonne National Laboratory 


Agricultural Botany. N. T. Gill and K. 
C. Vear. Duckworth, London, 1958 
(order from Macmillan, New York). 
viii + 636 pp. Illus. $12. 


To cover in a not too voluminous text- 
book such widely ranging subjects as 
plant breeding, crop improvement, agri- 
cultural taxonomy, weed control, and 
plant diseases, the authors were forced 
to spread treatment of the subject mat- 
ter rather thin. 
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The concise but illuminating chapter 
on plant genetics and the very informa- 
tive chapter on crop diseases will be wel- 
come to the general reader. However, 
where more specific matters, such as the 
classification and description of farm 
crops, are involved, the book will appeal 
to the student of British agriculture, as 
it deals in a very exhaustive way with 
crops of economic importance to that 
country, but it will not be found ade- 
quate by students of non-European, 
especially American, agriculture. To de- 
vote only five lines to discussion of the 
genus Nicotiana (page 219) and four 
lines to the genus Saccharum (page 292), 
and to omit all mention of the genus 
Gossypium, to give but a few examples, 
diminishes the usefulness to the Amer- 
ican reader of an otherwise well-written 
book. 

Francis JosEPH WEISS 
Arlington, Virginia 


Robert Boyle and Seventeenth-Century 
Chemistry. Marie Boas. Cambridge 
University Press, New York, 1958. 
viii + 240 pp. $5.50. 


Ten years ago, Marie Boas published 
her doctoral thesis, Robert Boyle and the 
Corpuscular Philosophy (Cornell Univer- 
sity, 1949); a revised version appeared in 
Osiris [10, 412 (1952)]. With this back- 
ground, and after additional studies of 
the Boyle papers in the Royal Society 
library, Boas now presents a profound 
yet very readable book on the chemical 
work of Robert Boyle. Starting with a 
detailed biography, the author goes on 
to explain what chemistry was and why 
Robert Boyle set himself the task of 
showing “that chemistry was a respect- 
able part of natural philosophy, and that 
it could contribute to the advancement 
of natural philosophy as a whole” (page 
68). “Alone among natural philosophers 
professing a particulate theory of matter, 
Boyle was a chemist using chemical evi- 
dence to support his theory” (page 75). 

Chapter 3 is a fine exposition of the 
historical background, with an outstand- 
ingly clear account of the Aristotelian 
theory of forms and qualities. Yet this 
chapter, like some of the four chapters 
that follow, is marred by a kind of crit- 
ical attitude which measures Boyle's 
achievement against our “better knowl- 
edge” of today, and which applies a sort 
of teleological thinking, as if Boyle were 
a “predecessor” in a real sense (page 
141 and elsewhere). This attitude makes 
Boas sometimes quite impatient with her 
hero. Why did he not continue when he 
was so close to discovering the real na- 
ture of the supposed conversion of water 
into earth upon long boiling in a glass 
vessel? He knew and described all the 
principles of the experiments, but he left 





it to Lavoisier to apply them! Why did 
he not follow through in his discussion of 
the elements; why did he remain skepti- 
cal instead? Why did he spread his ac- 
tivities so far, when he should have con- 
centrated on what the author believes he 
should have pursued? Boyle “had not 
thoroughly learned the fact that it is 
better to look for limited answers first” 
(page 107). Such dramatization seems 
out of place in a historical study. Would 
it not be better, because more realistic 
and reasonable, to ask whether men of 
the 17th century, or at least of Boyle’s 
kind, needed the broad approach to be 
creative? 

In discussing the famous passage from 
The Sceptical Chemist (1661) in which 
Boyle tells what he means by “Elements,” 
Marie Boas points out that the difference 
between the concepts of elements then 
and now must be realized, “and this 
scholars have not clearly done” (page 
96). It may be dramatic but it is not 
very gracious to make such a condemn- 
ing general statement. The author makes 
several statements of this kind; she would 
have done better to omit them, unless 
she could go into specific details. 

After raising these objections, I am 
happy to return to the many great merits 
of this book. It presents the most impor- 
tant of Boyle’s thoughts and experiments 
in historical depth, with many quotations 
from printed and from unpublished ma- 
terial. Even those who believe they know 
“their” Boyle will find much enlighten- 
ment here, and those who are interested 
in the evolution of the corpuscular the- 
ory, in the relationship between ideas 
and experiments, or in the intimate pic- 
ture of a creative mind, whether of the 
17th century or any other, will be greatly 
stimulated by Boas’ story, told in the 
somewhat “rambling and_ repetitious” 
(page 212) way of Robert Boyle him- 
self, 

Epuarp FARBER 
Washington, D.C. 


Sewerage and Sewage Treatment. 
Harold E. Babbitt and E. Robert 
Baumann. Wiley, New York; Chap- 
man and Hall, London; ed. 8, 1958. 
viii+ 790 pp. Illus. $10.75. 


The impact of a new and younger au- 
thor is evident in this latest edition of a 
book which has served sanitary engineer- 
ing well since 1922. A number of changes 
are evident, in particular the inclusion 
of more of the modern industrial waste 
treatment processes and discussion of 
some of the newer concepts of activated 
sludge. The presentation of principles of 
biochemical oxidation and anaerobic fer- 
mentation is still somewhat weaker than 
the student and teacher would like to 
see. 
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The first 322 pages, with the excep- 
tion of a chapter on pumping, deal with 
the design, construction, maintenance, 
and operation of sewers. This lengthy 
discussion of construction methods may 
make the book more worth while for 
practicing engineers but adds a great 
deal of material which may be consid- 
ered extraneous in an undergraduate 
course in a modern college of engineer- 
ing, where greater emphasis is placed 
upon the scientific principles underlying 
the practice of engineering. However, 
the wise teacher will find more than 
sufficient instructional matter in this 
book for a good undergraduate course 
in the collection, treatment, and dis- 
posal of sewage and industrial wastes. 

Ror ELIASSEN 
Department of Civil 
and Sanitary Engineering, 
Massachusetts Institute of Technology 


Food Microbiology. William Carroll 
Frazier. McGraw-Hill, New York, 
1958. ix+472 pp. Illus. $9. 


This up-to-date volume is designed, 
as the author indicates, to be used as a 
college textbook in the field of food 
microbiology. For this purpose, the book 
has merit. It is also a volume that many 
older workers in the field of food preser- 
vation and technology may find valuable 
as brush-up reading. It is a good digest 
of microbiology in fields related to the 
food industries. 

Part 1 succinctly describes the micro- 
organisms that are important in food 
microbiology. The photographs and il- 
lustrations dealing with molds, yeasts, 
and bacteria are of particular interest. 
In the latter chapters of this section 
microbiological contamination of food 
from handling, processing, and natural 
sources is covered. 

Part 2 deals with the preservation of 
foods. While this text does not go quite 
far enough into some of the procedures 
mentioned, it meets the need for which 
it was designed and covers the field on 
most types of foods, 

Part 3 deals adequately with spoilage 
of foods. It is readable, yet technical 
enough to fulfill its purpose. Again, the 
different foods are treated in separate 
chapters. 

Foods and enzymes produced by mi- 
croorganisms are described in Part 4 of 
the text. Culture production and specific 
food fermentations are also part of this 
section. 

In Part 5 the author rather thoroughly 
discusses food poisonings and infections. 
A chapter on the investigation of food- 
poisoning outbreaks is included. 

The sixth section of the book deals 
briefly with bacteriological aspects of 
plant sanitation, methods used in micro- 
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biological laboratories, and enforcement 
and control agencies. 

The basic principles of food micro- 
biology are adequately digested in this 
text. It certainly will not replace Tan- 
ner’s Microbiology of Foods as a refer- 
ence volume, but it should be a wel- 
come modern addition to many class- 
rooms and libraries. 

C. B. Denny 
Bacteriology Laboratory, 
National Canners Association 


Fellowships in the Arts and Sciences, 
1959-60. Virginia Bosch Potter. Fel- 
lowships in the Arts and Sciences, 79 
Biochemistry Building, University of 
Wisconsin, Madison, ed. 2, 1959. viii + 
195 pp. $3.75. 


This directory, a project of the Asso- 
ciation of American Colleges with the 
cooperation of the Association of Grad- 
uate Schools in the Association of Amer- 
ican Universities, was made _ possible 
through the aid of grants from the fol- 
lowing groups: the Danforth Founda- 
tion, the Ford Foundation, the National 
Institutes of Health, the National Sci- 
ence Foundation, and the Rockefeller 
Foundation. 

The directory offers descriptions of fel- 
lowships from private foundations, gov- 
ernment agencies, professional societies, 
industry, and other sources outside the 
universities themselves. Fellowships are 
listed under the following headings: 
“Predoctoral”; “Postdoctoral”; “Senior, 
faculty and special awards”; “Study 
abroad”; “Summer study”; and “Loans.” 
Subheadings under each of the sections 
include the following divisions: general, 
humanities, natural sciences, social sci- 
ences, brief listings, and a cross-refer- 
ence list. 

For each major fellowship program 
listed the following information is given: 
address of the group administering the 
awards; purpose; fields included; quali- 
fications of the candidate; period of the 
award; stipend; other allowances; con- 
ditions; type of application; method of 
review; time schedule; and approximate 
number of awards. 


New Books 


Astronomy. A textbook for university 
and college students. Robert H. Baker. 
Van Nostrand, Princeton, N.J., ed. 7, 
1959. 555 pp. $6.95. 

Basic Geology for Science and Engi- 
neering. E. C. Dapples. Wiley, New York; 
Chapman & Hall, London, 1959. 616 pp. 
$9.50. 

Cahiers de synthése organique. Mé- 
thodes et tableaux d’application. vol. 5, 
Dé gradations. Léon Velluz, Masson, Paris, 
1959. 394 pp. 


Dairy Cattle, Judging and Selection. 
William W. Yapp. Wiley, New York; 
Chapman & Hall, London, 1959. 334 pp. 
$5.95. 

Dynamics of Flight. Stability and con- 
trol. Bernard Etkin. Wiley, New York; 
Chapman & Hall, London, 1959. 533 pp. 
$15. 

The Evolution of Living Things. H. 
Graham Cannon. Thomas, Springfield, 
Ill, 1958. 190 pp. $3.50. 

Fishes of the Great Lakes Region. Bull. 
No. 26. Carl L. Hubbs and Karl F. Lang- 
ler. Cranbrook Inst. of Science, Bloomfield 
Hills, Mich., rev. ed., 1958. 224 pp. $5. 

A Guide to Nuclear Energy. R. F. K. 
Belchem. Philosophical Library, New 
York, 1958. 84 pp. $3.75. 

Liquid Helium. K. R. Atkins. Cam- 
bridge Univ. Press, New York, 1959. 322 
pp. $11. 

Minnesota’s Changing Geography. John 
R. Borchert. Univ. of Minnesota Press, 
Minneapolis, 1959. 197 pp. $4.25. 

Nomograms for Chemical Engineers. O. 
P. Kharbanda. Academic Press, New York, 
1958. 258 pp. $15. 

Nutrition of the Legumes. Proceedings 
of the University of Nottingham’s fifth 
Easter school in agricultural science, 1958. 
E. G. Hallsworth, Ed. Academic Press, 
New York; Butterworths, London, 1958. 
369 pp. $10.50. 

Optical Properties of Semi-Conductors. 
T. S. Moss. Academic Press, New York; 
Butterworths, London, 1959. 289 pp. $9. 

Physiological Adaptation. A symposium 
held during the meeting of the Society of 
General Physiologists at the Marine Bio- 
logical Laboratory, Woods Hole, Mass., 
5-6 September 1957. C. Ladd Prosser, Ed. 
American Physiological Soc., Washington, 
D.C., 1958. 185 pp. $4. 

Radioactivity Measuring Instruments. 
A guide to their construction and use. M. 
C. Nokes. Philosophical Library, New 
York, 1958. 83 pp. $4.75. 

The Simplicity of Science. Stanley D. 
Beck. Doubleday, Garden City, N.Y., 
1959. 212 pp. $3.75. 

Taschenbuch der Botanik. vol. 1, Mor- 
phologie, Anatomie, Fortpflanzung, Ent- 
wicklungsgeschichte, Physiologie; 291 pp.; 
$3.05. vol. 2, Sytematik; 195 pp.; $3.60. 
Walter Mevius. Thieme, Stuttgart, Ger- 
many, 1958 (order from Intercontinental 
Medical Book, New York 16). 

The Transvaal Ape-Man-Bearing Cave 
Deposits. Memoir No. 11. C. K. Brain. 
Transvaal Museum, Pretoria, South Af- 
rica, 1958. 131 pp. 

Tree Fruit Production. James S. Shoe- 
maker and Benjamin J. E. Teskey. Wiley, 
New York; Chapman & Hall, London, 
1959. 463 pp. $6.95. 

Type Specimens of Marine Mollusca 
Described by P. P. Carpenter from the 
West Coast (San Diego to British Co- 
lumbia). Memoir 76. Katherine Van 
Winkle Palmer. Geological Soc. of Amer- 
ica, New York 27, 1958. 384 pp. 

Umbelliferae of Japan. Minosuke Hiroe 
and Lincoln Constance. Univ. of Cali- 
fornia Press, Berkeley, 1958. 144 pp. 
$2.75. 

Virginity, Pre-Nuptial Rites and Ritu- 
als, Ottokar Nemecek. Philosophical Li- 
brary, New York, 1958. 137 pp. $4.75. 
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Incidence of 
Familial Hyperlipemia 


Abstract. Familial hyperlipemia is an 
inherited disease associated with early on- 
set of coronary atherosclerosis. In a survey 
of a student population in Sweden, an 
estimated case incidence of 2 to 3 percent 
was discovered. This study also demon- 
strates that there is probably a heteroge- 
neity of causes for the primary elevation 
of blood triglycerides in man. 


Familial hyperlipemia is an inherited 
disease thought to be due to a single gene 
difference causing a defect in the lipe- 
mia clearing system. The disease was 
first described by Birger and Griitz in 
1932 (1), and since that time over 100 
cases have been studied; it is generally 
agreed that the heterozygous condition 
manifests itself by a delay in the clearing 
of ingested fat from the plasma, milky 
serum with elevation of all lipids but 
mainly of the neutral fats, the appear- 
ance of severe atherosclerosis in early 
adulthood, and occasionally xanthoma- 
tosis. The homozygous condition is char- 
acterized by hepatosplenomegaly, ab- 
dominal crisis, milky serum, childhood 
atherosclerosis, and xanthomatosis (2). 

While it is known that the elevated 
lipid levels are due to an abnormal pro- 
longation of the clearing of ingested fat 
from the plasma, there is no general 
agreement about the exact biochemical 
lesion responsible for the phenomenon. 
The three leading explanations are ab- 
sence or diminution of tissue lipoprotein 
lipase (clearing factor) (3), an abnor- 
mality of the chylomicrons (4), or an 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. (Since this requirement has only 
recently gone into effect, not all reports that are 
now being published as yet observe it.) 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each, 

For further details see “Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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inhibition of the lipoprotein lipase sys- 
tem (5). 

Although there have been a number of 
individual case reports, until this time no 
study of the incidence of this disease in 
an apparently normal population has ap- 
peared. During the routine screening ex- 
amination of entering students, blood 
samples were obtained from 998 con- 
secutive students at Uppsala University 
in Sweden (6). The students ranged in 
age from 18 to 60, 95 percent being 19 
to 29, and 80 percent being 19 to 23. 
There were 496 males and 502 females. 

The samples were examined for opti- 
cal density both visually and by the use 
of a Beckman DU spectrophotometer at 
a wavelength of 640 mu, with the red- 
sensitive photocell. All those students 
whose plasma showed a density above 
the lowest photometric level associated 
with faint visual turbidity were recalled 
for fasting specimens. Of the 274 stu- 
dents recalled, 269 returned. Their serum 
was analyzed for optical density as de- 
scribed above, as well as for “total lipids” 
by the phenol turbidity method of Kun- 
kel, Ahrens, and Eisenmenger (7). The 
latter method was utilized only as a 
rough screening test and was not inter- 
preted as an indication of true lipid 
level. 

Thirty-six of these students showed an 
optical density of over 0.080, a phenol 
turbidity level equivalent to over 800 
mg percent of lipid, or both, or border- 
line elevations in both these tests. These 
36 students were recalled again for a 
complete medical history, physical ex- 
amination, urinalysis for sugar and al- 
bumin, a fat-tolerance test, and a total 
determination of serum cholesterol. Five 
other students were chosen at random, 
and they, as well as two healthy staff 
members, were exposed to the same 
series of examinations. For the fat-tol- 
erance tests a meal of 90 g of fat con- 
sisting of normal breakfast foods was 
given, and blood samples were drawn at 
the fasting level and at 3 and 9 hours 
after the meal; there was,no food intake 
between the time of the meal and 9 hours 
later. 

Of the 36 students recalled, 16 dem- 
onstrated a marked delay in clearing of 
neutral fat from the serum, and four 
showed borderline delay in such clear- 


Dy 


ing. These 20 students ranged in age 
from 19 to 47, 80 percent being 19 to 
27; thus they were somewhat older than 
the original group. Fifteen of these, in- 
cluding the four borderline cases, were 
male, perhaps indicating that the disease 
may be more easily discovered in the 
male, at least in the younger age group. 

Five other students were found to have 
primary hypercholesterolemia, while 
three students demonstrated elevated 
serum optical density both before and 9 
hours after the meal, but without delayed 
return to the fasting levels. Eight of the 
36 students were found to be completely 
normal, showing normal fasting levels at 
this time. It was strongly suspected that 
they had eaten before the initial (fast- 
ing) samples were obtained. 

Some of the students showing hyper- 
lipemia, who had been recalled for fat- 
tolerance tests because of elevated opti- 
cal density in their initial samples, 
showed a serum optical density of below 
0.080 in the fasting samples of the fat- 
tolerance tests despite marked prolonga- 
tion of clearing time. This indicates that 
the previously chosen borderline for nor- 
mal had been too high, and that several 
cases must have been missed. A statisti- 
cal analysis leads us to suspect that at 
least 10 more cases of essential hyper- 
lipemia were missed in the original sam- 
ple because of fasting optical density 
values below 0.080, but above the true 
upper limit of normal. 

It would appear, therefore, that the 
incidence of familial hyperlipemia in an 
apparently normal northern European 
population is between 2 and 3 percent, 
probably closer to 3 percent. In view of 
the increased predisposition to athero- 
sclerosis in this illness, as partly demon- 
strated by an increased incidence of 
atherosclerosis at relatively young age in 
the families of these students, it is felt 
that this group makes up a fairly sizable 
proportion of the increasing number of 
patients with atherosclerosis. This opin- 
ion seems to be confirmed by the findings 
of delayed lipemia clearing in the plasma 
of atherosclerotic individuals (8). 

It is strongly suspected that thrombosis 
and fibrin deposition may be vital factors 
in the pathogenesis of atherosclerosis. It 
is of significance in this connection that 
increased blood coagulation (9) as well 
as inhibition of fibrinolysis (10) have 
been found in hyperlipemia. 

It is of special interest that three in- 
dividuals were found during this study 
who maintained an elevated optical den- 
sity of the serum despite the ability to 
clear ingested fat normally. A study of 
the cloudy material in the serum of one 
of these patients has shown it to be a 
form of lipid, and it may well represent 
the abnormal chylemicra held’ respon- 
sible for this disease by some investiga- 
tors. Although we would hesitate to call 
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these three subjects familial hyperlipem- 
ics, since they clear ingested fat in a nor- 
mal period of time, it is fairly certain 
that they would have been included in 
such a group on the basis of fasting spec- 
imens only. This not only points out 
the importance of the fat-tolerance test 
in the diagnosis of familial hyperlipemia 
but also accentuates the importance of 
recognizing the possible heterogeneity of 
biochemical causes for the primary ele- 
vation of neutral fat in the blood (//). 
Kurt HirscHHorn* 
RocHELLE HirscHHORN 
Department of Medicine, 
New York University, Post-Graduate 
Medical School, New York 
Marco Fraccaro 
Jan A. Boox 
State Institute for Human Genetics, 
Uppsala, Sweden 
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Predaceous Feeding in Two 
Common Gooseneck Barnacles 


Abstract. Lepas anatifera and Mitella 
polymerus, while relatively unselective 
omnivores, behave at times like predatory 
macrophagous carnivores. Observations 
suggest a greater range of food size for 
gooseneck barnacles than is generally sus- 
pected and clearly indicate that large or- 
ganisms, when available, are effectively 
captured and handled. 


Thoracican barnacles are generally 
considered to feed on small organisms 
and particles of detritus caught by comb- 
ing the water with highly setose thoracic 
appendages. Very few observers have de- 
scribed barnacles feeding on _ larger 
forms: Darwin (1) notes prehensile be- 
havior of the cirri in capturing crusta- 
ceans and other prey; Batham (2) notes 
the curling motions of the cirri in Mitella 
(=Pollicipes) spinosus, which deposit 
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crustaceans “often of no mean size” in 
the mouth; Brown (3) states that in the 
laboratory Lepas will feed on animals 
even larger than itself; but Gruvel (4) 
is apparently the only worker who has 
described the coordinated behavior of 
the cirri and mouth parts of Lepas in 
seizing and ingesting food of various 
sizes, and his observations have gone 
largely unheeded. It is the purpose of 
this report to present evidence that at 
least two common gooseneck barnacles 
not only capture and feed upon large 
prey but, on occasion, show the feeding 
habits and food-capturing mechanisms, 
and have the diets, of macrophagous 
predators, exhibiting a behavior more 
reminiscent of the lion than of the ant- 
eater. 

Initial observations made on Lepas 
anatifera in 1951 at the Hopkins Marine 
Station of Stanford University by one of 
us (H.S.) have recently been confirmed 
and extended by further work on this 
species (by both of us) and on Mitella 
polymerus (by G.H.). In the labora- 
tory, feeding was observed in both spe- 
cies. A large cluster of Lepas attached to 
driftwood was allowed to feed freely for 
2 hours on the brine shrimp Artemia 
salina (5 to 11 mm in length) and on 
the small tide-pool copepod Tigriopus 
californicus (approximately 1 mm in 
length). A cluster of Mitella freshly re- 
moved from intertidal rocks was simi- 
larly fed these two animals. The gut 
contents of the barnacles were then ex- 
amined. Lepas, ranging in size from 
11.2/7.0 mm (shell length=ratio of 
total length of capitulum to gut length) 
to 7.7/4.8 mm, all ingested both Artemia 
and Tigriopus; smaller animals, ranging 
in size down to 3.6/2.3 mm, took cope- 
pods only. The largest individual Lepas 
took 56 Tigriopus and two Artemia. The 
second largest (10.8/6.8 mm) took four 
copepods and four brine shrimp. Indi- 
viduals of Mitella greater in size than 
5.8/7.2 mm ingested both Artemia and 
Tigriopus; smaller Mitella, down to 
1.6/2.1 mm, took only copepods. In- 
gested organisms originally longer than 
the barnacle digestive tract (Fig. 1) were 
bitten in pieces, folded, or compacted to 
fit the gut. 

How is the prey of these animals cap- 
tured and handled? Activity of the cirri 
and mouth parts of these barnacles is 
most clearly demonstrated in Lepas, 
though the behavior of Mitella is simi- 
lar. Individuals of Lepas, immersed in a 
suspension of Artemia and Tigriopus, 
consistently seized the animals with rav- 
enous grabs, lassoing and caging the 
prey and holding it in their cirri. The 
six pairs of thoracic cirri may operate to- 
gether or move quite independently of 
one another, a behavior not observed in 
balanoids but previously seen in Lepas 
(4), in Scapellum and Verruca (5), and 


in Mitella (2). If a brine shrimp con- 
tacts the cirri of Lepas, there is a total 
clutching motion of all the cirri; these 
then contract, forcing the food toward 
the mouth parts. 

When the animals are feeding on 
smaller organisms, the furtctions of the 
individual cirri can be seen. Here the 
anterior three thoracic appendages. 
which are equipped basally with spinous 
pushing brushes, direct food to the mouth 
parts, where it is gripped and com- 
pacted. At the same time copepods may 
be trapped by individual rami of the last 
three cirri, which curl around them and 
hold them in reserve. We noted that one 
animal held seven copepods in separate 
coiled posterior rami while ingesting a 
brine shrimp. Mitella has cirri and 
mouth parts which are anatomically and 
functionally similar to those of Lepas. 
The cirri are thicker and shorter and, 
in general, less active than those of 
Lepas, but when cirri are presented with 
food, their response is quick. Food may 
be trapped separatély by the last three 
pairs of rami and passed to the very 
heavily bristled pushing pads at the 
bases of the second two pairs of cirri 
and on the rami of the first cirri, which 
in turn cram it against the mouth parts 
for compacting and swallowing. 

The differences in feeding behavior 
between Lepas and Mitella seem to be 
in accord with their respective ways of 
life. Mitella characteristically occurs in 
clusters on a fixed rocky substrate ex- 
posed to a great deal of wave action. 
Individuals are generally oriented in 
fixed positions to receive the down-wash 





Fig. 1. Lepas ingesting Artemia. 
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of waves; cirri are held maximally ex- 
tended as water, which is often rich in 
food, sweeps over them. Lepas, on the 
other hand, occurs on freely floating 
timbers moving with the current. The 
peduncle is highly mobile and swings in 
every direction; the cirri are more active, 
though they seldom exhibit the rhythmic 
beating so characteristic of the bala- 
noids. These motions could be those of 
foraging, in a situation where the proba- 
bility of obtaining food by random con- 
tact with organisms is greatly reduced 
(even though at sea certain forms tend 
to congregate below floating objects). 

What is the natural diet of these or- 
ganisms? Examination of the gut con- 
tents from monthly collections of Mi- 
tella taken over a period of a year 
showed that copepods, algae, and un- 
identified particulate matter are nearly 
always present; cirriped molts, amphi- 
pods, cypris larvae, small clams, and 
hydroids occur frequently; polychaetes 
and barnacle nauplii are taken occasion- 
ally. Batham’s list for Mitella spinosus 
is comparable. Polychaetes and plant 
fragments over one-half the gut length 
were found coiled inside. 

The guts of a number of field speci- 
mens of Lepas were also inspected, 
disclosing polychaetes, amphipods, (gam- 
marids, hyperiids, and caprellids), ca- 
ridean shrimps, gastropods, clams, pyc- 
nogonids, algae, and detritus. Some of 
these items were doubtless captured 
while the timber bearing the barnacles 
was washed about in the intertidal zone. 
The largest crustaceans measured nearly 
one-half the length of the barnacle gut 
holding them. 

Despite the effective predaceous be- 
havior often exhibited by both Lepas 
and Mitella, these forms, as feeders, are 
opportunistic rather than _ selective; 
Lepas, attached to timbers stranded on 
the beach, will fill their guts with sand, 
while small chunks of granite and cal- 
careous shell have been noted in the gut 
of Mitella (6). 

GALEN Kent Howarp 
Division of Natural Sciences, 
Hopkins Marine Station, 
Pacific Grove, California 
Henry C. Scott 
San Francisco State College, 
San Francisco, California 
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Structural Correlation between 
Esterase and Protease 
Activities of Trypsin 


Abstract. It is tentatively concluded 
from ultraviolet and x-ray studies that 
the two tryptic activities are mediated by 
overlapping “enzymatic sites.” Crucial to 
this conclusion were studies of the factors 
which can modify the measured inactiva- 
tion rates. The data are interpreted in 
the light of postulated mechanisms of 
inactivation. 


Some enzymes are presumed to have 
more than one catalytic activity since 
they act upon substrates that are quite 
different. Whether these activities are 
mediated by a single site or a number of 
separated sites on the enzyme surface is 
a problem of current biochemical inter- 
est and importance. Previous workers 
concluded that the esterase and protease 
activities of trypsin (that is, the ability 
to hydrolyze, respectively, the 


je) 
4 
- ¢/-o-c 


structure of esters and the 


fe) 
4 
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structure of polypeptides and proteins) 
must be located at a single site. The evi- 
dence is twofold (1): (i) Inhibitors of 
fairly large molecular weight produce 
equivalent decreases in the two activi- 
ties, and (ii) trypsin hydrolyzes either 
type of substrate at a decreased rate in 
the presence of the other type. However, 
this evidence does not preclude the ex- 
istence of closely adjacent or overlapping 
sites. 

The radiation studies reported here 
were designed to examine this question 
without use of large-sized inhibitors. Pre- 
sumably, x-ray inactivation is initiated by 
radiation-produced radicals of low mo- 
lecular weight (2). Inactivation by ultra- 
violet irradiation (2537 A) is probably 
localized within a small region of tryp- 
sin, since only one molecule is inactivated 
per approximately 60 quanta absorbed 
(each of 4.9 ev). In both studies, the 
two activities should be inactivated at 
identical rates if only a single site is in- 
volved but probably, although not neces- 
sarily, at different rates if adjacent or 
overlapping sites exist. 

The same two activities are inactivated 
unequally when chymotrypsin is x-irra- 
diated in dilute solution (3) or oxidized 
with sodium periodate (4). This has 
been attributed to concentric sites hav- 
ing different areas or charge configura- 
tions (3). 

While such conclusions are possibly 
correct, they now appear to require ad- 
ditional justification, since we have found 
that measured inactivation rates are af- 
fected by the treatment afforded irradi- 


ated molecules prior to and during assay. 
Specifically, our experiments are con- 


sistent with these postulates: (i) At 
least three classes of trypsin molecules 
are present in solution after irradiation— 
active, damaged, and inactive. (ii) Dam- 
aged molecules have an average of one 
to three more intact H-bonds than do 
inactive ones and therefore can be con- 
verted to the inactive class either by urea 
(> 5.5M) or by thermal treatment prior 
to the addition of a substrate. (iii) Dam- 
aged molecules have normal activity 
either when only substrate is added or 
after urea is added if they have been 
previously exposed to substrate at a pH 
consistent with activity. (iv) This prior 
exposure to substrate “reactivates” dam- 
aged molecules to active ones. 

I obtained results similar to those of 
Aronson, Mee, and Smith (3) when 0.4 
to 5.0uM solutions of trypsin (twice re- 
crystallized, from Worthington Biochem- 
ical Co.) in 0.001M Na,HPO, were ir- 
radiated at 0°C with 250 kv (peak) 
x-rays. Protease activity was determined 
by hydrolysis of hemoglobin (5) (Hb); 
esterase activity, by hydrolysis of benzoyl- 
arginine ethyl ester (6) (BAEE). The 
decrease (inactivation) of both activi- 
ties with increasing dose fitted (+10 
percent) the kinetics of a first-order re- 
action. The two inactivation rates depend 
upon the initial trypsin concentration 
and are quite different. That measured 
by Hb assay (which employs 5.5M urea) 
was about 1.5 times that measured by 
BAEE assay (no urea) when both were 
extrapolated to infinite solute concen- 
tration (2). If a one-to-one correspon- 
dence between reaction probability and 
fraction of surface area is assumed, the 
number of amino acids in the proteolytic 
site which are reactive to radiation-pro- 
duced radicals is estimated to be between 
two and four (2). 

Only slightly different results were ob- 
tained when ultraviolet irradiation in- 
stead of x-ray was carried out at 0°C 
(see plots for H and B, 0° in Fig. 1): the 
inactivation rates were essentially inde- 
pendent of trypsin concentration between 
0.4 and 5.0nM and in a ratio of about 
3:1 or 4:1 rather than 1.5:1. The four 
postulates depend critically upon the fol- 
lowing preliminary results with ultravio- 
let irradiation (see Fig. 1). 

1) The rate of inactivation measured 
by Hb assay appears to be independent 
of the temperature during irradiation, 
from 0° to 60°C [see (H, 0-60°)]. 

2) When samples irradiated at 0° are 
heated at 60° for 30 minutes (B, 
0°:P60°, 30 m) or 100 minutes (B, 
0°:P60°, 100 m) immediately after ir- 
radiation, and thus prior to assay, the 
“BAEE-measured rate” approaches the 
standard “Hb-measured rate.” 

3) The rate of inactivation measured 
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Fig. 1. Effect of temperature, urea, and 
substrate on the measured level of ultra- 
violet inactivation of trypsin. The labeling 
on the curves is explained in the text. Data 
are shown for only two curves for clarity 
of presentation; other data showed com- 
parable variances. 


by BAEE assay has a AH* of 2500 + 500 
cal/mole from zero (B, 0°) to 60° (B, 
60°), approaching the “Hb-measured 
rate” at 60°C. 

4) Without exposure to urea or ther- 
mal treatment, an amount of BAEE, 
which would normally be completely 
hydrolyzed in 5 minutes, is added in 
buffer (pH 8) 10 to 30 minutes prior to 
assay; the inactivation rates measured by 
a subsequent Hb assay are more charac- 
teristic of ““BAEE-measured rates” than 
of Hb rates (H, 0°:PB). 

The results suggest that radiation 
causes previously inaccessible H-bonds— 
necessary for activity—to become avail- 
able for urea attack or else unstable to 
the molecular swelling it produces. Thus 
it appears that the effects of urea or 
heat, or both, are additive with those of 
irradiation. This result was predicted 
previously on the basis of my hypothesis 
(7, 8) that inactivation by physical 
means proceeds by the sequential rup- 
ture of the disulfide and hydrogen bonds 
making up a “weak-link” structure which 
is instrumental in “latching” the enzyme 
together. 

The calculated efficiency of 2537-A 
light in promoting protein inactivation 
through the rupture of disulfide bonds 
(9) indicates that the data presented 
here are probably in accord with this hy- 
pothesis. Also consistent are the obser- 
vations of McDonald (10) and Monier 
(11) that trypsin molecules having dif- 
ferent sensitivities to thermal aging and 
urea denaturation are produced by x-ir- 
radiation of dilute solutions. However, 
Liener (12) recently reported that irre- 
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versible trypsin inactivation results from 
the rupture of only one disulfide bond, 
rather than my predicted two. This ex- 
pected correlation between inactivation 
and increase in —SH titer is now being 
investigated. 

The “reactivation” proposed in the 
fourth postulate had also been previously 
anticipated (8). However, although my 
evidence indicates that damaged mole- 
cules are reactivated through interaction 
with BAEE, it is difficult to exclude the 
possibility that a significant portion of 
the reversal is produced by the change 
in pH from 4.5 to 8. Probably the re- 
activation contributions of substrate and 
pH can be best differentiated with a non- 
proteolytic enzyme, since the possibility 
of tryptic autodigestion interferes with 
the interpretation of some of the critical 
control experiments. 

The reversal by BAEE of inactivation 
which would have been measured by Hb 
assay indicates that portions of the two 
activities are probably inactivated by a 
common mechanism (13) (weak link ?). 
In addition, protease assays employing 
casein (C, 0°) without urea suggest 
that the reactivation capability differs 
among substrates. For example, in one 
experiment the rate of inactivation meas- 
ured by casein assay (no urea) had a 
AH* = 4750+500 cal/mole from 0° to 
60°C, as compared with 2500+500 for 
the BAEE assay. 

These and the results cited in para- 
graphs 2) and 3) above, plus the evi- 
dence reviewed in the first paragraph, 
lead to a tentative conclusion of over- 
lapping sites—where the hydrolytic 
apparatus would be common but the ele- 
ments which could form specific attach- 
ment would vary with the substrate. 
Unfortunately, these preliminary results 
are as yet insufficient for unequivocal 
specification of the architecture of the 
sites. However, they provide strong evi- 
dence concerning some of the steps 
whereby inactivation proceeds and, 
therefore, warrant reporting at this time. 
It is hoped that extension of these stud- 
ies will permit a specification of the sec- 
ondary and tertiary structure critical for 
enzymatic activity as well as define the 
structural correlation between the two 
activities. 

Leroy AUGENSTINE* 
Biology Department, Brookhaven 
National Laboratory, Upton, New York 
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Lack of Abnormal Hemoglobins 
in Alaskan Eskimos, 
Indians, and Aleuts 


Abstract. In an examination of the 
blood of 708 Eskimos, 200 Aleuts, and 44 
Indians in Alaska for abnormal types of 
hemoglobin, only normal hemoglobin A 
was detected. It may be concluded that 
abnormal hemoglobins in these races are 
rare if they occur at all. 


Although hemoglobins other than nor- 
mal adult hemoglobin A are found with 
varying frequency in various racial 
groups (1), these genetic variants of 
hemoglobin have been found primarily 
among African or Asian populations. 
Since the Eskimos, Aleuts, and Indians 
of Alaska may be of Asian origin, we 
wished to determine whether any abnor- 
mal hemoglobins were characteristic of 
these Alaskan racial groups. The possi- 
bility was also considered that the mod- 
erate anemia which is prevalent in Eski- 
mos in western Alaska (2) might be re- 
lated to the presence of an abnormal 
variant of hemoglobin. 

Hemoglobin samples from 593 Eski- 
mos from all parts of Alaska and 25 In- 
dians from central Alaska were tested by 
paper electrophoresis in Veronal buffer 
(pH 8.6), by alkali denaturation (3), 
and for solubility (4). Blood cells from 
42 of these persons with moderately low 
hemoglobins were further examined for 
osmotic fragility, and the absorption 
spectra of the hemoglobins were meas- 
ured. No abnormalities were found in 
any of the tests, 

An additional 334 blood samples were 
sent to the University of Texas (5). Of 
these, 200 were from Aleuts, 115 were 
from Eskimos, and 19 were from In- 
dians. The hemoglobins were analyzed by 
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paper electrophoresis, with Veronal buf- 
fer (pH 8.6) (6). Hemoglobin A was 
the only type detected in these sam- 
ples (7). 
Epwarp M. Scott 
IsABELLE V. GRIFFITH 
Date D. Hoskins 
Arctic Health Research Center, 
U.S. Public Health Service, 
Anchorage, Alaska 
Rose G. ScHNEIDER 
Tissue Metabolism Research Laboratory, 
University of Texas, Medical Branch, 
Galveston 
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New Method for the Rapid 
Determination of 
Lathyrogenic Agents 


Abstract. Salamander and toad embryos 
will develop grossly observable tumors of 
the notochord if they are placed for 3 or 
more days in a solution of the lathyrism- 
producing chemicals beta-aminopropioni- 
trile or aminoacetonitrile. A technique for 
using tumorigenesis in amphibian embryos 
as a biological indicator for other lathyro- 
genic agents is presented. 


Rats fed diets containing large 
amounts of meal prepared from the 
sweet pea Lathyrus odoratus or contain- 
ing a crystalline factor isolated from 


Table 1. Effects of various aldehyde block- 
ing agents on tumor formation in sala- 
mander and toad embryos. 








Lowest 
effec- 
4 tive 
Blocking agent Result ey 
(mg/ 
100 ml) 
Amino antipyrine HCl Tumor 50 
Hydrazine hydrate No tumor 
Phenylhydrazine* Tumor 1 
1-Methyl-1-phenylhydrazine Tumor 0.5 
1-Benzyl-1-phenylhydrazine 
HCl Tumor 1 
Semicarbazide+ Tumor 1 
Thiosemicarbazide Tumor 10 
4-Phenyl-3-thiosemicar- 
bazide Tumor 3 
Hydroxylamine HCl* No tumor 
Sodium bisulfite} No tumor 
Urea} Tumor 1 
BAPN Tumor 1 
AAN Tumor 1 





* Baker. + Fisher. 
720 


Lathyrus seeds develop a syndrome 
known as experimental lathyrism. The 
skeletal and other mesenchymal tissue 
changes of the syndrome can also be pro- 
duced by feeding small amounts of the 
nitriles beta-aminopropionitrile (BAPN) 
or aminoacetonitrile (AAN). In am- 
phibians, the changes can be produced 
by rearing embryonic forms in water 
containing either the crystalline factor of 
the Lathyrus seed or one of the nitriles. 
They are characterized by distortions of 
the limbs and jaws and by tumors of 
the notochord. 

Interest in experimental lathyrism is 
increasing, probably as a part of the re- 
cent general interest in diseases of the 
connective tissues, and probably because 
of the similarity between induced lesions 
in the experimental disease and such 
human afflictions as slipped epiphyses, 
degenerative arthritis, and 
aortic aneurism (J). 

Only a few compounds, notably the 
nitriles, have been shown to produce 
lathyrism, and the mode of action by 
which these chemicals produce the 
lesions has not been explored. Recently 
Dasler (2) has shown that semicarbazide 
will produce lesions of osteolathyrism in 
the rat. Since semicarbazide is a known 
aldehyde blocking agent, it occurred to 
my coworkers and me that other water- 
soluble aldehyde blocking agents might 
also produce lathyrism. 

Salamander and toad embryos reared 
for 3 days in water containing a lathy- 
rogenic nitrile exhibit gross tumors of 
the notochord. It seemed likely that 
these animals could be used as a bio- 
logical screening tool for new lathyro- 
genic agents, 

Ten to 20 embryos of the salamander 
Amblystoma punctatum or of the toad 
Bufo americanus in early tail bud stages 
were placed in finger bowls containing 
100 ml of various concentrations (0.01 
to 100 mg/100 ml) of an aldehyde-block- 
ing agent in spring .water (Table 1). 
These agents were selected from chemi- 
cals frequently used in blocking the peri- 
odic acid-Shiff histochemical reaction. 
The embryos were examined daily under 
the dissecting microscope for evidence of 
tumor formation, which is the first gross 
sign of lathyrism. The known tumori- 
genic agents, BAPN and AAN, were 
used as controls. The experiments were 
usually terminated after 1 week. All 
chemicals tested except sodium bisulfite, 
hydrazine hydrate, and hydroxylamine 
hydrochloride produced tumors (Table 

1) (Fig. 1). 

Dasler’s (2) finding that semicarba- 
zide produced osteolathyrism in rats 
opened a relatively new field for the in- 
vestigation of connective tissue metabo- 

lism. Dasler pointed out that finding 
new osteolathyrogenic agents might aid 
in locating the metabolic defect in the 
disease. Our technique provides a rapid 


dissecting 








Fig. 1. Single (A) and multiple (B) tu- 
mors in tadpoles after immersion for 1 
week in beta-aminopropionitrile. 


and accurate screening method for seek- 
ing such agents. Our findings suggest that 
the defect might be concerned with car- 
bohydrate metabolism of the connective 
tissue ground substance (3). 

Barnet M. Levy 
University of Texas Dental Branch, 
Houston 
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Effect of Ultraviolet Light on 
Pectolytic Enzyme Production and 
Pathogenicity of Pseudomonas 


Abstract. Ultraviolet radiation-induced 
mutants of the soft rot bacterium Pseudo- 
monas marginalis were selected for loss of 
pathogenicity for lettuce and wiuloof chic- 
ory. The avirulent mutants differed from 
the parent pathogen in their inability to 
synthesize pectolytic enzymes in culture or 
to ferment sodium pectate or sodium poly- 
galacturonate as the sole carbon source in 
media. 


In his pioneer work in 1909, Jones 
(1) postulated that parasitism in the 
soft rot bacteria seemed to be associated 
directly with the ability to produce pec- 
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tolytic enzymes. This viewpoint has been 
restated more recently (2). As far as can 
be ascertained from the literature, there 
appears to be no direct experimental evi- 
dence that loss of ability by a soft rot 
bacterium to produce pectolytic enzymes 
has resulted in loss of pathogenicity. The 
purpose of the present communication is 
to report evidence bearing on this aspect 
of the host-pathogen relationship. 

Pseudomonas marginalis (Brown) Ste- 
vens, strain Pl pathogenic for lettuce, 
was selected for study. The bacterium 
was isolated originally from witloof chic- 
ory (Cichorium intybus L.) in 1949 (3). 
Cell-free culture filtrates of the pathogen 
are now known to cause soft rot, russet 
spotting, and vascular browning of let- 
tuce and to contain protopectinase (or 
macerating enzyme complex), pectin de- 
polymerase, and _pectinmethylesterase 
(4). 

Bacterial suspensions of P. marginalis 
in water were irradiated with ultraviolet 
light (15-watt General Electric germi- 
cidal lamp) at a distance of 22.5 cm for 
varying periods of time up to 10 min- 
utes. Cells surviving exposure were plated 
out on yeast extract-nutrient agar, 
and 17 single-colony isolates were tested 
for pathogenicity. Ten of these showed 
complete inability, in repeated tests, to 
infect leaves of witloof chicory and head 
lettuce (Lactuca sativa L.) following 
needle inoculations with cells grown on 
yeast extract-nutrient agar. 

Five isolates chosen at random from 
the ten avirulent isolates failed in re- 
peated tests to produce pectolytic en- 
zymes in cultures of lettuce broth and 
Uschinsky broth, even though they 
formed heavy, fluorescent growth in the 
broths. Under similar conditions the 
pathogenic PI strain exhibited proto- 
pectinase, depolymerase, and _pectin- 
methylesterase activity. Furthermore, the 
addition of 0.15-percent Seitz-sterilized 
pectin to an Uschinsky broth culture of 
an avirulent isolate (strain M4) failed 
to induce the formation of pectolytic en- 
zymes. Although the mutants have been 
in culture over 6 months and have been 
transferred at approximately biweekly 
intervals, they have not reverted to a 
virulent state, and they have not pro- 
duced pectolytic enzymes in culture. 

To ascertain whether the avirulent M4 
and the virulent P1 strains differed in 
other respects, the two were compared 
morphologically, culturally, and physio- 
logically by means of standard methods 
(5). The strains were found to be simi- 
lar with respect to characteristics previ- 
ously reported for Pl (3), except for 
their reactions in synthetic broths con- 
taining 0.15- to 0.5-percent sodium pec- 
tate or sodium polygalacturonate or 1- 
percent sucrose as the sole carbon source. 
The avirulent. strain M4 failed to fer- 
ment these substances, whereas the viru- 
lent P1 strain produced alkali from the 
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pectic substrates and acid from sucrose. 
Recently it was reported that ultravio- 
let irradiation of the soft rot bacterium 
Erwinia aroideae produced some specific 
nutritional mutants which showed a loss 
of pathogenicity resulting from the in- 
ability of the mutants to find on the host 
tissue the required nutrilites for growth 
(6). Five avirulent strains and strain P1 
of P. marginalis were grown in minimal 
broth and minimal agar to determine 
whether a nutritional mutation was in- 
volved in these cultures also. For this 
purpose eight different, simple synthetic 
broths [including Davis and Mingioli 
broth and Entner and Stanier broth (7) ] 
and four agar media were used. Inor- 
ganic salts or asparagine ‘were used as 
nitrogen sources, while sodium acetate, 
glycerol, dextrose, or asparagine were 
used as carbon sources. Noble (Difco) or 
washed agar were used for the solid 
media. Cells washed with 0.8-percent 
sodium chloride were used to inoculate 
the media. In all cases, the growth of the 
five avirulent strains on the minimal 
media was comparable to that of the 
virulent parent strain, indicating that a 
nutritional mutation was not involved. 
It is known that the presence of in- 
hibitory substances in plant tissue may 
affect the host-pathogen relationship 
(8), but in the present study unheated, 
blended lettuce extracts did not inhibit 
the growth of the avirulent M4 strain in 
culture. In addition, it is recognized that 
there are saprophytic species of Pseudo- 
monas and other microorganisms which 
are able to form pectolytic enzymes in 
culture but are unable to invade plant 
tissue (9). In the case of these sapro- 
phytes, failure to cause disease must be 
due to some mechanism other than the 
inability to produce pectolytic enzymes. 
Although pectolytic enzymes play a de- 
cisive role in soft rots of plants, it is 
quite possible that other enzymes play 
some role in pathogenesis by P. mar- 
ginalis. In the present study, however, 
assays for other enzymes were not made. 
In summary, the results in the present 
study of the soft rot pathogen P. mar- 
ginalis indicate that loss of pathogenicity 
by the radiation-induced mutants is ge- 
netic in nature and is linked with their 
inability to form pectolytic enzymes and 
with their consequent inability to attack 
the pectic substrates present in inocu- 
lated host tissues. 
B. A. FrrepMAN 
M. J. Ceponis 
Market Pathology Laboratory, 
U.S. Department of Agriculture, 
New York, New York 
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Intracellular Impulse Conduction 
in Muscle Cells 


Abstract. A hypothesis, suggested previ- 
ously by morphological studies, for impulse 
conduction from the sarcolemma to the 
contractile material via the sarcoplasmic 
reticulum is discussed. The relation of re- 
ticulum morphology and cell size to speed 
of contraction in smooth and striated 
muscle agrees with the hypothesis and 
thus supports it. Additional support comes 
from evidence concerning an unusual mor- 
phological relationship between the sar- 
colemma and contractile fibrils in striated 
muscle of amphioxus. 


Studies of the fine structure of cells by 
recently developed physical means, such 
as electron microscopy, have stimulated 
the formulation and study of hypotheses 
of the mechanisms of various cellular 
functions. The worth and durability of 
these hypotheses will depend ultimately, 
of course, on sound physiological demon- 
stration that the mechanisms are in real- 
ity those described by the hypotheses. It 
is valuable in the meantime, however, 
to formulate hypotheses, provided that 
they suggest new lines of experimental 
investigation. Such investigation, when 
carried out, will lead to validation or 
rejection of the hypothesis. 

It is the purpose of this report to dis- 
cuss a hypothesis of intracellular impulse 
conduction in muscle cells that has been 
suggested by cytological observations re- 
cently made with the electron micro- 
scope. As is shown, the hypothesis is jus- 
tified in that it brings the - previously 
paradoxical time-distance relationships 
in muscle into proper order and suggests 
investigation directed toward the dem- 
onstration of the presence of intracellu- 
lar membrane potentials and depolariza- 
tion phenomena. 

The paradox referred to is as follows: 
Striated muscle cells, which average 50 
to 100 mw in diameter, contract very 
quickly and across the entire diameter 
of the cell very soon after the action 
potential has passed over the cell mem- 
brane. Smooth muscle cells, on the other 
hand, which average 6 to 10 p in diam- 
eter, contract slowly, and parts of the 
cell come into play only at relatively long 


721 

















times after the cell membrane action po- 
tential has passed. It is immediately ob- 
vious that the relationship between cell 
size and delay time is reversed from 
what one would expect if the contrac- 
tion-inducing impulse were to pass from 
the cell surface to the contractile ele- 
ments by the same mechanism in each 
case, and if, of course, the other events, 
such as the activation of the contractile 
material, required the same time in both 
striated muscle cells and smooth muscle 
cells. This forms the paradox referred 
to above. 

The possibility of the diffusion of a 
substance from the cell surface toward 
the central axis of the cell has been con- 
sidered by Hill as a possible mechanism 
of impulse transfer (1). Hill shows, how- 
ever, that diffusion would be too slow to 
account for the rapid sequence of events 
in striated muscle cells (2). This does 
not, however, rule out the possibility that 
this mechanism could act in smooth mus- 
cle cells. Indeed, the paradox suggests 
that the over-all mechanism is not the 
same in striated and smooth muscle cells, 
and our calculations show that diffusion 
times over distance of the order of the 
radii of smooth muscle cells (3 to 5 ») 
fall well within the limit of observed de- 
lay times for smooth muscle. The prob- 
lem then becomes one of finding an 
alternate mechanism which is coupled to 
both the cell surface and the contractile 
elements and which is fast enough to ac- 
count for the short delay time in striated 
muscle. 

The mechanism discussed here is based 
on electron-microscope studies of stri- 
ated muscles of several types (3-5) that 
rediscovered a system of the sarcoplasm 
which presumably corresponds to a sys- 
tem described in light microscope images 
by Thin in 1874 (6). 

The major characteristics of this sys- 
tem, called the “sarcoplasmic reticulum,” 
are that it is a continuous, membrane- 
limited, reticular system whose struc- 
tural organization repeats longitudinally 
and synchronously in parallel with the 
bands which form the sarcomeres, and 
which is continuous laterally between the 
fibrils across the whole diameter of the 
cell. It is closely associated with the 
external membrane of the cell on the 
one hand, and with the myofibrils on 
the other. Indeed, the latter association 
is characterized in vertebrate skeletal 
muscle by a special differentiation op- 
posite the I-band level of each sarco- 
mere, where contraction presumably is 
initiated (7), and points to a probable 
role in the contractile function of the 
cell. 

It has occurred to several authors, in 
discussing the sarcoplasmic reticulum 
(3, 5, 8), that it is possible that this sys- 
tem could serve to transmit the excita- 
tory impulse intracellularly. One possi- 
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bility is that the membranes forming the 
sarcoplasmic reticulum are electrically 
polarized in a manner similar to the 
polarization of the muscle and the exter- 
nal membrane of the nerve cell. Since 
the sarcoplasmic reticulum divides the 
sarcoplasm into two compartments which 
communicate only through a membrane, 
it seems likely that the two phases thus 
delineated differ in type or activity of 
chemical species, or in both, and there- 
fore the presence of a chemical and 
electrical potential gradient seems not 
only possible, but probable. 

Assuming this to be true, we can fur- 
ther propose that the polarized mem- 
brane is capable of conducting an im- 
pulse, and that this conduction is 
coupled to the depolarization of the cell 
external membrane by its close proximity 
to the latter and to the contractile ele- 
ments by diffusion of an activating sub- 
stance over relatively short distances. 
Thus we have postulated the existence 
of a new excitable unit at the level of 
the fibril and even at the level of cer- 
tain sensitive sections of the fibril. This 
changes the diffusion distance in striated 
muscle, which corresponds to the diffu- 
sion distance of 3 to 5 uw in smooth mus- 
cle, from 25 to 50 p, which is the radius 
of the striated muscle cell, to 0.5 to 
1.0 uw, which is the radius of the striated 
muscle fibril. The time-distance paradox 
is thereby resolved, and the possibility 
that a diffusion mechanism of activation 
of contraction applicable to both striated 
and smooth muscle is once more admis- 


sible. 


The hypothesis has been able to ex-. 


plain previously inexplicable data. It 
now remains to examine the validity of 
the hypothesis both by examining its im- 
plications in the light of available data, 
and with experimental tests suggested by 
the hypothesis. 

We can determine the effect the new 
hypothesis, which was derived from con- 
siderations of striated muscle, will have 
on our picture of time-distance relation- 
ships in smooth muscle. Examination of 
smooth muscle cells in the electron mi- 
croscope reveals the presence of only a 
small complement of sarcoplasmic retic- 
ulum (9). There certainly appears to be 
no massive, well-developed system such 
as has been seen in most striated muscle 
cells thus far examined. Thus, the excit- 
able membrane in smooth muscle would 
seem to remain the external membrane 
of the cell. This consideration, therefore, 
strengthens the hypothesis. 

We can deduce from the hypothesis 
that the speed of contraction should in- 
crease as the size of the excitable unit 
decreases. This has been found to be the 
case for the limited data available at 
present, which concern only the differ- 
ence between the two major classifica- 
tions of muscle cells, smooth and stri- 





ated. That is to say, most striated muscle 
cells examined have been from fast mus- 
cles and have had well-developed retic- 
ula surrounding small fibrils, while no 
smooth muscle has been found with such 
a well-developed reticulum, leaving the 
relatively large single cell as the excit- 
able unit in this type of muscle. A more 
careful correlation of size of the excit- 
able unit and the speed of contraction 
for various muscles within each of the 
major classifications is planned. This cor- 
relation will help to evaluate the valid- 
ity of the hypothesis. There is supporting 
evidence at present, however, from some 
work by one of us (L.D.P.) on the myo- 
tomes of the primitive chordate amphi- 
oxus (Branchiostoma  carribbaeum). 
These muscles are fast, judging from the 
quick swimming motion of the animal, 
but do not have a well-developed reticu- 
lum. The myofibrils are, however, in the 
form of flat sheets or lamina about 1 p 
thick, and both large faces of each fibril 
are closely associated with the external 
membrane of the cell, which completely 
covers each of the flat fibrils. Thus the 
action potential is carried directly by the 
cell membrane to within 0.5 w of the 
center of the fibril, and the time-distance 
relationship becomes approximately the 
same as that for striated muscle cells 
with cylindrical fibrils of this size 
sheathed in sarcoplasmic reticulum. 
Other lines of investigation which are 

presently being carried out involve de- 
termination of the effect of changes in 
intracellular ionic concentrations on the 
morphology of the reticulum, with cor- 
relation of the reticulum morphology 
with the functional state of the muscle 
cell, and an investigation of the morphol- 
ogy of muscle cells from a wide variety 
of species with particular attention to 
the spatial relationships of the cell mem- 
brane, the sarcoplasmic reticulum, and 
the contractile material. We hope that 
information will soon be available which 
will allow a more critical evaluation of 
the hypothesis discussed here than is 
presently possible. 

Lez D. PEacHEY 

KerrH R. Porter 
Rockefeller Institute, New York 
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Kodak reports on: 


trapping photons and transferring their energy...a film that separates the lemons from the 
oranges... what’s good for the missileers is good for the chromatographers 








Old model resonator 


The two iodines 
come separately packed 


i be jae Look—with the eye of 
er a are ar ‘i a quantum mechanic— 
phn / \ / at this marvelous little 
4 4 Fla ae y pa t " r molecular resonating 
i de fata F seeie c =, Soe 7 N~ rr machine. For the tri- 
WE ot oe / —_— fling sum of $16.65 we 
ae ae can supply 400 quintil- 
\ ss if lion of these machines. 
Y is OY They will weigh % 
H-¢ , ee cin gram, all told, and will 
H-¢ c c-# come in a small bottle 
SuZ Sgt labeled Neocyanine 

H-¢-H * Li) (Eastman 2067). 

W-¢-H 








in the crystal lattice as 
ions. The points where 


they were detached, at the quaternary nitrogens, are positively charged, of course. 
Either of these two positive charges can be sent skittering back and forth through 
the branched chain of conjugated carbon atoms to bounce off the third nitrogen 
atom. All it takes to set the machine resonating thus is a photon of light or infrared 
that carries the difference in energy between quiescence of the positive charges and 


resonance thereof. 
This little resonator has proved useful 


for trapping photons and transferring 


their energy to silver halide crystals. The silver halide thereupon responds photo- 
graphically to wavelengths it would otherwise miss. 

This is a 1925 model. We have since devised thousands of more advanced models 
of this basic type of resonator, but stock only the above and five other simple ones 
for off-the-shelf delivery: Cryptocyanine (Eastman 1334), Dicyanine A (Eastman 
1532), Pinacyanole (Eastman 622), Pinaflavole (Eastman 1842), and Orthochrome T 
(Eastman 623). As dyes they are exceedingly powerful. 

For a discussion of the working parts from which such ultra-subminiaturized electronic ma- 


chines can be built by the skillful worker, see a paper entitled ‘“‘A Century of Progress in the 
Synthesis of Dyes for Photography.” As long as our supply of reprints lasts, we can send 


you a copy free. 


Write to Distillation Products Industries, Eastman Organic Chemicals Department, 
Rochester 3, N. Y. (Division of Eastman Kodak Company). The latest catalog, No. 41, also 


lists some 3700 other compounds for research. 


Process E-3 

Distinguished by the designation 
“(Process E-3)’’ from earlier versions, 
anew Kodak Ektachrome Film is aimed 
to please the worker who is pretty all- 
fired sure that for any trifling deficiency 
in his color transparencies the fault 
has lain not in himself, not in his tech- 
nique, not in his equipment, but in his 
film. 

Beyond the shadow of an illusion, 
this film is sharper than its predeces- 
sors. Sharpness differs from contrast 
and from resolving power. It repre- 
sents ability to render a boundary— 
within how few microns the color on 
the transparency can change from (let 
us say) a certain yellow to a certain 
orange. This ability does not readily 
lend itself to quantitative statement. 

We mention yellow and orange ad- 


visedly. A classic challenge to any 
color photographic process has been 
to distinguish between the hue of 
lemons and oranges in one bowl of 
fruit. The new film meets it handily. 
Greens are better, too. 

More valuable to some users will be 
the fidelity of the new film to the visual 
appearance of such photographically 
elusive biological stains as eosin and 
fuchsin. The photomicrographer now 
gets not only an enhancement of the 
fine color discrimination for which 
Ektachrome was notable even before 
but a new advantage in speed. Expo- 
sure Index is 32 for the Type B (which 
requires only heat-absorbing and pos- 
sibly U-V filters in the usual photo- 
micrographic setups) and 50 for the 
Daylight Type (used with electronic 
flash), Statistics show that in 1/25 


This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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second you get only 20% of the vibra- 
tion contained in 1/5 second. 

Kodak dealers now stock the new Kodak 
Ektachrome Film (Process E-3) in the 
usual sheet-film sizes. For 120 and 620 roll- 
film cameras it’s called Kodak Ektachrome 
Professional Film, Daylight Type (Process 
E-3). They also carry various-sized kits of 
the new processing chemicals that Process 
E-3 requires. The processing cycle takes 
about an hour. 

If a) you want paper prints and duplicate 
transparencies, and if b) you want to be 
able to manipulate your color balance to- 
ward a conception of reality transcending 
what can be built into inanimate film, and 
if c) you are willing to process both a nega- 
tive and a positive before you judge your 
results, don’t even bother with this new 
stuff. Stick to Kodak Ektacolor Film 
and Paper. 


See the steroid? 


When we brought out Kodak Lina- 
graph Direct Print Paper we never 
dreamed of steroids. We were dream- 
ing of the long, long miles of galva- 
nometer data traces that the missileers 
would be happy to make on a photo- 
graphic paper requiring no wet proc- 
essing. 

These dreams having come true, 
correspondence cn the product is 
handled by gentlemen who don’t even 
know what a steroid is. Of the incon- 
venience in locating on a paper chro- 
matogram a substance readily dis- 
cernible only by its ultraviolet absorp- 
tion, they know even less. They have 
never read pp. 255-305 in Volume 7 of 
“Recent Progress in Hormone Re- 
search” (Academic Press, New York, 
1952). 

Fortunately, biochemical labora- 
tory technique need not be discussed 
with them. A short paper in Analytical 
Chemistry (12, 2068) describes how a 
piece of Kodak Linagraph Direct 
Print Paper, briefly exposed to an ul- 
traviolet lamp while kept in good con- 
tact under a dried chromatogram, will 
upon subsequent exposure to a 30- 
watt fluorescent lamp show light gray 
areas against a dark background at the 
sites of U-V absorbers in the chro- 
matogram. The method is reported 
successful in routine use where Sy or 
more is present of the absorber per 
square centimeter of paper. 

To find out where to order Kodak Lina- 
graph Direct Print Paper, write Eastman 
Kodak Company, Photo- 
recording Methods Divi- 


sion, Rochester 4, N. Y. 
That much they know. 




















Meetings 


Biological Exhibits at Geneva 


The second International Conference 
on the Peaceful Uses of Atomic Energy, 
held in Geneva, Switzerland, 1-13 Sep- 
tember, was participated in by many 
countries as guests of the United Na- 
tions. The basic objective of the United 
States was to provide, wherever pos- 
sible, operating laboratories and exhibits 
staffed with scientists skilled in various 
areas of research. An integrated picture 


of nuclear research was presented, which 
included power, physics, chemistry, and 
the life sciences. Many people availed 
themselves of the opportunity provided 
for discussion, and the American exhibit 
became a meeting ground for scientists 
from around the world. 

Short-lived radioisotopes were pre- 
pared in a Triga reactor and utilized in 
an activated isotope laboratory oper- 
ated by personnel from the National 
Naval Medical Center. Drugs and bio- 
chemically important compounds were 
labeled with C14, S35, and H® and as- 
sayed in a chemistry laboratory oper- 
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PROFESSIONAL TAPE CO., 
355 BURLINGTON ROAD ~< Dept. 41-C 


A TIME LABEL 







for every 
laboratory 
requirement! 


It’s safe... 


SURE and ACCURATE! 


TIME self-sticking LABELS are used with- 
out wetting. They are fast, safe and pro- 
vide positive identification with complete 
safety from hepatitis and other labora- 
tory infections. 


They are excellent for use on microscopic 
slides, bottles (glass and plastic), radio- 
active containers, animal cages and hun- 
dreds of other laboratory uses. They are 
moistureproof and resist autoclave tem- 
peratures to +250°F. or deepfreeze 
temperatures to —70°F, 


BE SAFE...BE SURE...use TIME LABELS! 
Custom labels and color coding are avail- 
able for specific requirements. 


Write today for complete detailed literature on 
the outstanding advantages of TIME LABELS. 


INC. 
RIVERSIDE, ILL. 








ated by the Chemistry Division of the 
Argonne National Laboratory and the 
University of Chicago’s department of 
pharmacology. Biosynthetic labeling was 
demonstrated in a greenhouse trans- 
ported from the Argonne National Labo- 
ratory and operated by personnel from 
the biology division of the laboratory. A 
large display on phytosynthesis was pre- 
pared by the University of California, as 
were exhibits on erythropoietin and a 
gamma-ray: camera used in medical 
practice. The Roswell Park Memoria] 
Institute sént a photoscanner for tumor 
localization. 

The Public Health Service provided 
exhibits on the diagnosis of cardiac 
anomalies by means of radioactive noble 
gas and on the metabolism of labeled 
carcinogens. The Los Alamos Scientific 
Laboratory operated a “Human Coun- 
ter,’ which was a very popular attrac- 
tion. The Army Quartermaster Corps 
developed an exhibit on food preserva- 
tion, and the Department of Agriculture 
exhibit on parasite eradication was espe- 
cially attractive. The* universities of 
Maryland, Illinois, and California co- 
operated to develop an exhibit on milk 
synthesis. The measurement of C}- 
labeled lysergic acid diethylamide in 
brain was displayed by the University of 
Rochester. The biodynamics of C14O, 
was demonstrated in patients by a group 
from the University of Chicago, who 
also demonstrated the technique of hy- 
pophysis ablation, using yttrium-90 im- 
plants. New developments in the field 
of autoradiography were displayed in ex- 
hibits from Columbia University and the 
universities of Arkansas and Chicago. 

Luoyp J. Rorr 
University of Chicago, 
Chicago, Illinois 

Joun H. Rust 
Massachusetts Institute of Technology, 
Cambridge, Mass. 


Differential Equations 


A Symposium on Boundary Problems 
in Differential Equations, with special 
reference to recent developments in this 
field, will be held by the Mathematics 
Research Center, U.S. Army, at the Uni- 
versity of Wisconsin, 20-22 April. In- 
vited speakers, about 20 in number, will 
each present a 30-minute paper. Both 
ordinary and partial differental equa- 
tions will be considered, the emphasis to 
be upon methods that are potentially 
adapted to computation. The proceed- 
ings of the symposium will be published. 

Among the speakers, European and 
American, will be L. Collatz, G. Fichera. 
L. Fox, W. T. Koiter, J. Schréder, I. N. 
Sneddon, R. Bellman, G: Birkhof, H. 
Bueckner, R. Courant, J. B. Diaz, J. 
Douglas, K. Friedrichs, P. Garabedian, 
B. A. Troesch, R. Varga, C. Wilcox, and 
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INTERFERENCE FILTERS 


for isolating narrow spectral bands 





Hf 
\\\ 











Spectral Range: 340-900 millimicrons 
Peak Transmission: 40% 
Half Peak Width: 8-12 mu 
Size: 2” x 2” 
For 
Colorimetry 
Fluorimetry 


Flame Photometry 
also microscopy, photomicrography, microcolorimetry, refractometry, 
polarimetry, light scattering measurements, and for many other 


appl cations requiring monochromatic light in the visible, near- 
ultraviolet, and near-infrared range. 


Write for Bulletin #180 to 


PHOTOVOLT CORP. 
95 Madison Avenue New York 16, N.Y. 











) | I ( () LABORATORY PRODUCTS 


BIOLOGICS CULTURE MEDIA REAGENTS 
Media for Standard Methods 
Culture Media Dehydrated and Prepared 
Microbiological Assay Media 
Tissue Culture and Virus Media 
Bacterial Antisera and Antigens 
Diagnostic and Serological Reagents 
Sensitivity Disks Unidisks 
Peptones Hydrolysates Amino Acids 
Enzymes Enrichments Dyes Indicators 
Carbohydrates Biochemicals 





over 60 years’ ex perience 
in the preparation o f Difco products assures 


UNIFORMITY STABILITY ECONOMY 


Complete Stocks Fast Service 


Descriptive literature available on request 


DIFCO LABORATORIES  perrotr 1! MICHIGAN USA 











AAAS SYMPOSIUM VOLUMES 


6” x 9”, illustrated, clothbound 


Zoogeography, 510 pp., 1958 ................ $12.00 
The Species Problem, 404 pp., 1957 .......... 8.75 
Atomic Energy and Agriculture, 460 pp., 1957 .. 9.50 


The Beginnings of Embryonic Development, 408 








Pies eu cries divatraiwa ns: As ae oie Salve es wiv 8.75 
PICODONUAT, 2A0" Ppig GIT Ss Meee sé 5 5:75 
Tranquilizing Drugs, 205 pp., 1957 ........... 5.00 
WORN, SEI AI ektactiide ssc ccc ceces 9.50 
The Future of Arid Lands, 464 pp., 1956 ....... 6.75 
Water for Industry, 140 pp., 1956 ............ 3.75 
Psychopharmacology, 175 pp., 1956 ........... 3.50 
Luminescence of Biological Systems, 466 pp., 1955 7.00 
Advances in Experimental Caries Research, 246 

ae rere rire, eet re eer eee 6.75 
Antimetabolites and Cancer, 318 pp., 1955 ...... 5.75 
Monomolecular Layers, 215 pp., 1954 .......... 4.25 
oe ES as a Public Health Measure, 240 pp., 


72” x 1042”, double column, illustrated, clothbound 


Rremeonmial, SID pp. IFT on... ccccscsescccces 5.00 
Mammary Tumors in Mice, 231 pp., 1945 ...... 3.50 
AAAS, 


1515 Mass. Ave., NW, Washington 5, D.C. 
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Full View, Table Model 


CHROMATOGRAPHY 
DRYING OVEN 


Fast, Uniform 
Drying of 
Paper Chromatograms 





Accurate development 
of four 1814” x 2212” 
sheets simultaneously 


Model CD-4 is a thermostatically controlled, in- 
sulated oven which quickly reaches temperatures 
up to 110° C. Achieves evacuation of solvent vapors 
with water or motor aspirator. Heating elements 
concealed in base are protected from combustible, 
solvent droplets. Heavy metal-reinforced safety glass 
door readily permits temperature readings and ob- 
servation without repeated opening of door. Stain- 
less steel oven chamber is corrosion-resistant. 


Overall Dimensions: 27” wide; 3534” high; 142” deep 
UNCONDITIONAL 1 YEAR GUARANTEE 


Write for Bulletin CD-313 


NEW_BRUNSWICK SCIENTIFIC CO. 





- BOX 606 @ NEW BRUNSWICK, N. J. 
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D. Young. Persons interested in attend- 
ing the symposium may obtain the pro- 
gram and other details from R. E. 
Langer, Director, Mathematics Research 
Center, U.S. Army, 1118 West Johnson 
St., Madison 6, Wis. 


Molecular Structure 


A Symposium on Molecular Structure 
and Spectroscopy will be held at the de- 
partment of physics and astronomy, Ohio 
State University, 15-19 June. There will 
be discussions of the interpretation of 
molecular spectroscopy data as well as 
of methods for obtaining such data. In 
addition, there will be special sessions 
on phases of spectroscopy that are of cur- 
rent interest: A dormitory will be avail- 
able for those who wish to reside on the 
campus during the meeting. For further 
information, or for a copy of the pro- 
gram when it becomes available, write 
to Professor R. A. Oetjen, Department 
of Physics and Astronomy, Ohio State 
University, Columbus 10, Ohio. 


Data Processing 


The Denver Research Institute of the 
University of Denver will hold its 6th 
annual Symposium on Computers and 
Data Processing at the Stanley Hotel in 
Estes Park, Colo., 30-31 July. The con- 
ference will be restricted to papers and 
panel discussions on basic problems in 


the fields of data processing, particularly 
in the area of formalized analysis tech- 
niques, logical design, systems organiza- 
tion, and components or devices. 

Although it is anticipated that the 
program will be comprised largely of in- 
vited papers, a limited number will be 
selected from those submitted to the 
papers committee. Authors wishing to 
present papers are urged to send ab- 
stracts of approximately 150 words, no 
later than I April, to: W. H. Eichel- 
berger, Papers Committee, Denver Re- 
search Institute, University of Denver, 
Denver 10, Colo. 


Forthcoming Events 


April 


11. Extending the Parabola, Alfred 
Korzybski Memorial Symp., New York, 
N.Y. (E. L. Gates, Inst. of General Se- 
mantics, Lakeville, Conn.) 

12-14, Atomic Mechanisms of Fracture, 
conf., Cambridge, Mass. (D. K. Felbeck, 
Natl. Acad. of Sciences—Natl. Research 
Council, 2101 Constitution Ave., NW, 
Washington 25. ) 

12-15. Neurosurgery, 8th Latin Ameri- 
can cong., Santiago, Chile. (A. Asenjo G.. 
Casilla 70-D, Santiago, Chile. ) 

12-16. American Physiological Soc., 
Atlantic City, N.J. (R. C. Daggs, 9650 
Wisconsin Ave., Washington, D.C.) 

12-16. Fracture, intern. conf., Cam- 
bridge and Dedham, Mass. (Headquar- 
ters, Air Force Office of Scientific Re- 
search, Washington 25.) 








13. Biochemical Cytology of Liver 
(Histochemical Soc.), symp., Atlantic 
City, N.J. (A. B. Novikoff, Dept. of Pa- 
thology, Albert Einstein College of Medi- 
cine, Yeshiva Univ., Eastchester Rd. and 
Morris Ave., New York 61.) 

13-15. Hydraulics Conf. (American 
Soc. of Mechanical Engineers), Ann 
Arbor, Mich. (O. B. Schier, ASME, 29 
W. 39 St., New York 18.) 

13-17, American Assoc. of Immunolo- 
gists, Atlantic City, N.J. (C. Howe, 630 
W. 168 St., New York 32.) 

13-17. American Inst. of Nutrition, 
Atlantic City, N.J. (G. M. Briggs, 
NIAMD, Room 9D20, Bldg. 10, National 
Institutes of Health, Bethesda, Md.) 

13-17, American Soc. for Pharmacol- 
ogy and Experimental Therapeutics, At- 
lantic City, N.J. (H. Hodge, Univ. of 
Rochester, Rochester 20, N:Y~) 

13-18. American Acad. of Neurology, 
Los Angeles, Calif. (J. M. Foley, Boston 
City Hospital, Boston, Mass. ) 

13-18. American Soc. of Biological 
Chemists, Atlantic City, N.J. (F. W. Put- 
nam, Univ. of Florida Medical School, 
Gainesville. ) 

13-18. American Soc. for Experimental 
Pathology, Atlantic City, N.J. (J. F. A. 
McManus, Univ. of Alabama Medical 
Center, Birmingham 3.) 

14-15. Electrical Heating Conf. (Amer- 
ican Institute of Electrical Engineers), 
Philadelphia, Pa. (N.S. Hibshman, AIEE, 
33 W. 39 St., New York 18.) 

14-16, Faraday Soc. (Energy Transfer), 
Nottingham, England. (Faraday Soc., 6 
Gray’s Inn Square, London, W.C.1, Eng- 
land. ) 

14-16. Life Span of Animals, 5th 
colloquium on aging, London, England. 





Also available. . . )| 
Free 36-page book 


HARSHAW SYNTHETIC OPTICAL CRYSTALS 


Discusses in detail various Harshaw crystals used for infra-red and ultra-violet 


optics. Includes many pertinent graphs. Ask for your copy today. 


HARSHAW 





é Write for this free 40-page book 
HARSHAW SCINTILLATION PHOSPHORS 


Presents definitive article on characteristics and properties of scintillation phosphors 
with special emphasis on Nal(Tl). A general discussion of scintillation counting is 
augmented with many appropriate tables, efficiency curves, and typical gamma ray 
spectra. Gives specifications and drawings of Har- 
shaw mounted phosphors, and lists miscellaneous 
other phosphors available from Harshaw. We will 
be pleased to send you a copy. 


Synthetic Optical.Crystals 





THE HARSHAW CHEMICAL COMPANY 


1945 EAST 97th STREET * CLEVELAND 6, OHIO 


CHICAGO « CINCINNATI « CLEVELAND « DETROIT * HOUSTON 


HASTINGS-ON-HUDSON, N.Y. * 


e LOS ANGELES ¢ PHILADELPHIA 


PITTSBURGH 
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3 ways 
to satisfy 
a scientific 
curiosity 


CAN MAN 
BE MODIFIED? 


By Jean Rostand 


A breath-taking presentation 
of science’s advances towards 
the control of heredity, mu- 
tations, breeding, and the 
chemistry of organisms, by 
the distinguished French 
biologist. 


$3.00 





bea THE LIFE 
AND LETTERS OF 
CHARLES DARWIN 


Introduction by 
Geo. Gaylord Simpson 


Back in print after 16 years 
—the intimate biography and 
voluminous correspondence 
of the great naturalist, edited 
by his son, Francis. Two vol- 
umes, boxed. 








The set $10.00 


INSIDE THE 
LIVING CELL 


Some Secrets of Life 
By J. A. V. Butler 


A clear, non-technical ac- 
count—by the noted bio- 
chemist—of the makeup of 
cells and the marvelous 
mechanisms by which they 
function. 

44 illustrations, $3.60 
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BASIC BOOKS 
Publishers 
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(Ciba Foundation, 41 Portland Pl., Lon- | 


don, W.1.) 


14-16. Rheology of the Glassy State | 


(British Soc. of Rheology), Sheffield, Eng- 
land. (D. W. Saunders, British Rayon Re- 
search Assoc., Heald Green Laboratories, 
Wythenshawe, Manchester 22, England.) 

15-17. American Assoc. of Genito-Uri- 
nary Surgeons, Absecon, N.J. (W. J. En- 


| gel, 2020 E. 93 St., Cleveland 6, Ohio. ) 


15-17. American Surgical Assoc., San 


Francisco, Calif. (W. A. Altemeier, Cin- 
cinnati General Hospital, Cincinnati 29.) 

15-17. Midwest Benthological Soc., 
annual, Hickory Corners, Mich. (C. M. 
Fetterolg, Jr., Water Resources Commis- 
sion, Sta. B, Lansing 13, Mich.) 

16-18. American Assoc. of Railway 
Surgeons, Chicago, Ill. (C. C. Guy, 5800 
Stony Island Ave., Chicago 37.) 

16-18. Association of Southeastern 
Biologists,-Knoxville, Tenn. (H. J. Humm, 
Dept. of Botany, Duke Univ., Durham, 


N.C.) 


16-18. Ohio Acad. of Sciences, Colum- 
bus. (G. W. Burns, Ohio Wesleyan Univ., 
Delaware. ) 

16-18. Southern Sociological Soc., 22nd 
annual, Gatlinburg, Tenn. (S. C. Mayo, 
North Carolina State College, Raleigh.) 

16-30. Engineering, Marine, Welding 
and Nuclear Energy Exhibition, 22nd, 
Olympia, London. (F. W. Bridges & Sons, 
Ltd., Grand Buildings, Trafalgar Square, 


| London, W.C.2, England. ) 


17. Current Developments in the Pro- 
duction of High Vacua, symp., London. 
England. (Institute of Physics, 47 Bel- 


| grave Square, London, S.W.1.) 


17-18. American Mathematical Soc., 
Monterey, Calif. (E. G. Begle, Leet Oli- 
ver Hall, Yale Univ., New Haven, Conn.) 


17-18. American Mathematical Soc., | 


Chicago, Ill. (E. G. Begle, Leet Oliver 
Hall, Yale Univ., New Haven, Conn.) 
17-18. Nebraska Acad. of Sciences, 69th 
annual, Lincoln. (M. Beckman, Teachers 
College, Univ. of Nebraska, Lincoln. ) 
18-19. Myasthenia Gravis, 2nd intern. 


| symp., Los Angeles, Calif. (K. E. Osser- 





man, Myasthenia Gravis Foundation, Inc., 


155 E. 23 St., New York 10.) 

18-22. American Soc. of Tool Engi- 
neers, 27th annual, Milwaukee, Wis. 
(ASTE, 10700 Puritan, Detroit 38, 
Mich. ) 

19-23. Oil and Gas Power Conf. 
(American Soc. of Mechanical Engi- 
neers), Houston, Tex. (O. B. Schier, 


ASME, 29 W. 39 St., New York 18.) 

19-24. American Pharmaceutical As- 
soc., annual conv., Cincinnati, Ohio. (R. 
P. Fischelis, APA, 2215 Constitution Ave., 
Washington 7.) 

20-21. Analog and Digital Instrumen- 
tation, 3rd natl. conf. (American Inst. of 
Electrical Engineers), Philadelphia, Pa. 


(N. S. Hibshman, AIEE, 33 West 39 St., | 


New York 18.) 

20-22. American Oil Chemists’ Soc., 
spring, 50th anniversary, New Orleans, 
La. (Mrs. L. R. Hawkins, 35 E. Wacker 
Dr., Chicago 1, Ill.) 

20-22. Boundary Problems in Differ- 
ential Equations, symp., Madison, Wis. 


(R. E. Langer, Mathematics Research | 
Center, U.S. Army, 1118 W. Johnson St., 


Madison 6.) 


(See issue of 20 February for comprehensive list) 








Easier to use because they're harder to break! 


PYREX® Needle Valve 
Ware with 
double-thick stems 


Stem walls are twice as heavy as 
conventional walls—twice as dur- 
able! 

Two valve sizes are available: 
small (with 2mm bore) and large 
(with 4.7mm bore). 

You get ultra-precise control of 

5. fluid flow with Pyrex Needle 

Valves. And their fine-ground 
flanges assure a better seal, par- 
ticularly under pressure. 

The famous chemical stability 
of Pyrex brand glass No. 7740 
helps prevent contamination. Valve 
body and retainer rings are pure 

TEFLON*. 

Needle valves and connecting tubes can 
be purchased separately; or in Pyrex bu- 
rettes, distilling heads, funnels, chroma- 
tographic tubes and stopcocks; or in special 
ware fabricated to your needs. 

For sizes and prices, see your PYREX 
Laboratory Glassware Catalog, LG-1. 


*T.M. for Du Pont Tetrafluoroethyiene Resin. 


CORNING GLASS WORKS 
34 Crystal Street, Corning, New York 
CORNING MEANS RESEARCH IN GLASS 
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Webster Says... 
QUALITY means 


“The degree of 
excellence and 
a superiority” 






... at Nutritional Biochemicals Corporation 
QUALITY is one of our proudest assets. 


@ Over 300 amino acids 

@ Over 90 peptides 

@ More than 200 nucleo- 
proteins, purines, 


@ Steroid hormones 
© Biological salt mixtures 
@ Biological test materials 


pyrimidines 
@ Miscellaneous 
biochemicals 


@ Peptides 

e@ Carbohydrates 
@ Purified proteins 
@ Fatty acids 








© Vitamins @ Antibiotics 
e Enzymes * crystalline @ Alkaloids 
Bo * purified @ Glandular substances 
re (° % @ Growth factors 
mM 
Ae eae ee 
& NUTRITIONAL 


BIOCHEMICALS 
CORPORATION 


21010 MILES AVE. « 





CLEVELAND 28, OHIO 


BR ee ‘ 
Write for New Catalog—March, 1959—More than 2500 Items—Write Dept. 102 





smallest, lightest 
aircraft pumps 
aloft... 





. . . are Eastern Industries high speed gear pumps. Check these 
characteristics — proved reliable in the most advanced missile 
power systems: 


e Flow from .015 to 1.5 GPH 
e Pressures from 15 to e Weights with motor 
2000 psig 1.5 to 8.5 Ibs. 
Beyond these ranges many of the existing units can be adapted to 
specific needs . . . and creatively-engineered custom pumps can 
meet still other requirements. 


ee EY 
NEW! 
CATALOG 360 
covers the entire line of Eastern 
aircraft pumps—features hydraulic 
power units, avionic cooling packs, 
refrigeration cooling and servo-valve | 
systems. Send for it now! 


e Speeds to 24,000 rpm 





INDUSTRIES, INC. 
100 Skiff St., Hamden 14, Conn. 


West Coast Branch Office: 1608 Centineia Ave., Inglewood, Calif. 
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A NEW & SIMPLE METH 
CHROMATOGRAPHING 





The New Kurtz-Miramon Technique 


...permits chromatographing 
large numbers of paper strips 
at one time in a small space. 










...eliminates fumbling with 
dangling, wet paper strips. 


... prevents papers from 
touching or rubbing together 
while being developed, 
washed, sprayed, and dried. 


... eliminates use of anchor 
and anti-siphon rods. 


... Utilizes all-glass apparatus. 


Write for Brochure SK 





CALIFORNIA LABOR 
98Rincon Road = 











GLASS ABSORPTION 
CELLS = "sy" 


KLETT 








SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluoritneters — 
Bio-Colorimeters — Comparators —- Glass Stand- 
ards— Klett Reagents. 














Klett Manufacturing Co. 
179 East 87 Street, New York, New York 
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Equipment 


The information reported here is obtained 
from manufacturers and from other sources con- 
sidered to be reliable, and it reflects the claims of 
the manufacturer or other source. Neither Science 
nor the writer assumes responsibility for the accu- 
racy of the information. A coupon for use in mak- 
ing inquiries concerning the items listed appears 
on page 734. 
™@ VOLTAGE-CURRENT CALIBRATOR delivers 
continuously variable positive or nega- 
tive voltages from 1 mv to 100 v in four 
ranges. The output is available either as 
a direct voltage or as a 5-msec pulse 
repeated from 5 to 50 times per second. 
Currents are calibrated by voltage drop 
produced across an internal l-ohm re- 
sistor. Accuracy is +0.3 percent. (Rese 
Engineering, Inc., Dept. 682) 


™ X-RAY IMAGE INTENSIFIER Offers bin- 
ocular viewing of the image of a 5-in. 
field intensified 1000 times. The device 
is compact enough to permit normal ac- 
cess to the fluoroscopic mechanism and 
can be connected or disconnected by 
means of a quick-release clamp. (Keleket 
X-Ray Corp., Dept. 680) 


® SOLID-STATE ELECTRONIC COMMUTATOR 
will sample up to a maximum of 1000 
channels of information at rates up to 
100,000 samples per second. Accuracy 
of the switches is a function of the full 
scale of the signals being commutated. 
For example, a full scale of +1 v would 
have a total error of 0.07 percent, +8 v 
full scale would have a total error of 
0.02 percent. (Packard-Bell Computer 
Corp., Dept. 685) 


™ MERCURY BATTERY PACKS are designed 
for use as secondary voltage standards. 
Desired voltages can be made up by 
combination of basic cells of nominal 
open-circuit voltage 1.357+0.5 percent. 
Voltage declines 1 percent in 2 years’ 
storage at 70°F. Short-period stability of 
1 part in 10,000 is obtainable. Voltage 
remains stable within +1 percent over a 
temperature range — 40° to 160°F. (Mal- 
lory Battery Co., Dept. 686) 


 DELAYED-PULSE GENERATOR is adjust- 
able in 1-usec steps from 1 to 10,000 
\tsec with provision for interpolation be- 
tween steps. Over-all accuracy is within 
+0.1 usec, and jitter is less than 0.02 
usec. Time intervals may be initiated 
internally at rates from 10 cy to 10 kcy/ 
sec or by external signals from 0 to 10 
kcy/sec. (Hewlett-Packard Co., Dept. 
689) 


™ ZONE REFINER applies the zone melting 
principle to the purification of organic 
compounds or other materials that melt 
between 50° and 300°C. The material 
to be purified is contained in a glass 
tube. A Nichrome ribbon loop encircles 
the tube and generates heat to melt the 
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material. As a carriage moves the heater 
along the tube, the molten zone moves 
with it. An air-blast ring carried behind 
the heater cools the tube to solidify the 
molten material. A second heater and 
air-blast ring may be used to double 
the effect of each pass. Zone widths from 
about 4 to 2 in. can be obtained by ad- 
justment of the relative position of the 
heaters and air blast. Carriage motion is 
adjustable between 0.1 and 2.4 in./hr. 
(Fisher Scientific Co., Dept. 692) 


™ SERVO MILLIVOLTMETER is available as 
either a ratio meter or an absolute volt- 
age measuring device for full-scale in- 
puts as low as +5 mv. Accuracy of a 
standard model is +0.5 percent, but ac- 
curacies as high as +0.03 percent can 
be provided. Visual display and a variety 
of electrical outputs, analog or digital, 
are available. (North Atlantic Industries, 
Inc., Dept. 695) 


™ VIBRATION GENERATOR produces double 
amplitudes up to l-in. at frequencies 
from 2 to 20 cy/sec. Table motion is 
linear in a vertical plane. Specimens 
weighing 25 Ib can be accelerated up to 
20 g. Frequency may be adjusted while 
the machine is running. (L. A. B. Cor- 
poration, Dept. 687) 


™ OXYGEN ANALYZER is available in single 
or multiple ranges from 0 to 10 parts 
per million to 0 to 1 percent oxygen. 
Accuracy is +2 percent of full scale. A 
built-in calibrator adds a known amount 
of oxygen to the sample by electrolysis 
of water. The analyzer uses an electro- 
chemical cell in which oxygen is cata- 
lytically converted at the cathode to 
hydroxyl ions. The current required is 
measured by a potentiometer recorder. 
The instrument responds 90 percent in 
less than 1 min. (Analytic Systems Co., 
Dept. 694) 


™ SQUIB-ACTUATED MOTOR measures 0.3 
in. in diameter by 0.5 in. long and is 
capable of providing 8 Ib of thrust over 
a 0.1-in. minimum stroke within an 
elapsed time of 1 msec. The motor is 
actuated by as little as 7500 erg and will 
withstand accelerations of 20,000 g. Op- 
erating temperature range is —65° to 
+ 165°F. (Atlas Powder Co., Dept. 691) 


™ PLUG-IN VOLTMETER CIRCUITRY contains 
complete vacuum-tube voltmeter circui- 
try but does not include meter, calibra- 
tion control, zero adjust, or input voltage 
divider. With this unit meters being util- 
ized for other purposes may also be used 
for voltage measurement in the range 1 
to 1000 v. Input resistance is 10 meg- 
ohm. The circuit requires a meter of 
sensitivity 50 to 250 wa. (Metronix, Inc., 
Dept. 688) 

JosHuA STERN 
National Bureau of Standards, 
Washington, D.C. 











For every requirement— 
MICROSCOPY 
at its finest 


Here is the WILD"M-20, internationally 
renowned for its superb optics, tradi- 
tionally fine Swiss craftsmanship and 
almost unbelievable versatility. 

The M-20 microscope is unexcelled for 
research and scientific exploration in 
any field of microscopy. It is available 
with sextuple revolving nosepiece if 
desired, 20-Watt built-in illumination, 
beam-splitting phototube for binocular 
focusing for photomicrography, and a 
full range of attachments for all observa- 
tion methods. 

Attachments include Camera II (shown 
in illustration), Cinetube, Universal 
Lamp, Episcopic Equipment, Phase Con- 
trast and Incident Light. 

Camera II permits continuous binocular 
observation. The phototube deflects 25% 
of light to the binocular tube. A special 
format indicating eyepiece permits 
rapid, perfect focusing. 

Your consideration of the WILD M-20 will 
prove most rewarding. Write for Booklet 
M-20 today. 


*The FIRST name in Surveying Instruments, 
Photogrammetric Equipment and Microscopes 


WILD 


INSTRUMENTS, INC. 


Full Factory 
Services 


Main at Covert Street @ Port Washington, New York 
POrt Washington 7-4843 


in Canada 
Wild of Canada Ltd., 157 Maclaren St., Ottawa, Ontaric 
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The first complete 
scientific survey of .. . 


THE => 
ORCHIDS - - 


Edited by 
-_ 


Carl L. Withner, 

Brooklyn College 

— with 15 Contributing Authors 
Just published. A complete synthesis, 
international in scope, of present knowl- 
edge about the Orchidaceae, by well- 
known authorities. Book covers orchid 
structure and classification, physiology 
hybridization and genetics, pests and 
diseases. Includes an extensive list of 
chromosome numbers, a ky to tribes 
and subtribes, a listing of intergeneric 
hybrids with dates, a compilation of im- 
portant seedling culture media, and 
lineographs of orchid flowers and 
growth habits. A volume in the Chron- 
ica Botanica New Series of Plant Sci- 
ence Books. 144 ills.; 625 pp. $14. 


A definitive, lifetime study .. . 


BLAKESLEE: 
THE GENUS DATURA 


Amos G. Avery, Sophie Satina, 
and Jacob Rietsema 
all formerly of the Smith College 
Genetics Experiment Station 
Just published. A full account of the 
investigations conducted by Albert F. 
Blakeslee and his associates on the 
genus Datura. Topics include breeding, 
cytology, morphology, physiclogy, em- 
bryology, etc. Chronica Botanica: An 
International Biological and Agricul- 
tural Series. 318 ills., tables; 329 pp. 
$8.75 
Applying the case method 
tothe... 


NOMENCLATURE OF PLANTS 


Harold St. John, 
University of Hawaii 
A new method for becoming familiar 
with the International Code of Botanical 
Nomenclature. Book develops cases on 
nearly 900 plants with a valuable sum- 
mary of their nomenclature and refer- 
ences. Chronica Botanica New Series of 
Plant Science Books. 157 pp. Paper 
cover. $2.50 
7" USE THIS COUPON TO ORDER '~] 


Send books checked below: 
(] THE ORCHIDS, Withner .. $14.00 
C] BLAKESLEE: THE GENUS 
DATURA, Avery et al 8.75 
Fj NOMENCLATURE OF PLANTS, 
St. John 2.50 
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(] Chronica Botanica New Series of 
Plant Science Books 
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Letters 


(Continued from page 684) 


wide range of concentrations may be 
used, and some popular modifications of 
the Gram stain employ crystal violet near 
this concentration—for example, Ni- 
colle’s (0.33 percent) (2). At relatively 
higher concentrations (1 to 2 percent), 
the bacteria clump and the dye polymer- 
izes, Causing uncertainties in the intcr- 
pretation of work of this and similar 
types. 

The work of Fischer (3) and of 
Fischer and Zaleschuk (4) deals with a 
method of measurement of crystal violct 
taken up by various biological materials. 
This is applicable to the Gram reaction 
only if one accepts Fischer’s statement 
that “gram positiveness is related to the 
amount of primary dye absorbed” (3). 
This is not necessarily “conclusively dem- 
onstrated,” since other studies have 
shown that crystal violet uptake by bac- 
terial cells is not correlated with their 
Gram character (5). As a matter of fact, 
the precise and extensive data presented 
by Wensinck and Boevé (6), as cited 
above by Fischer, indicate that at a dye 
concentration of about 0.1 percent, a 
“differential in crystal violet uptake be- 
tween a Gram-positive and a Gram- 
negative organism ceases to exist.” Since 
I have shown that Gram differentiation 
readily occurs when dye of this concen- 
tration is used, it appears that measure- 
ment of dye uptake does not suffice as a 
measure of Gram_ positiveness. The 
Gram differentiation seems to depend 
more upon the integrity of the cell mem- 
brane or membranes and the relative 
permeabilities of these membranes to the 
decolorizing solvent (6, 7). 

Top Mirrwer 
Bacteriology Department, University 
of Southern California, Los Angeles 
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Echo Ra: ging in the Porpoise 


W. N. Kellogg’s paper “Echo ranging 
in the porpoise,’ which appeared in a 
recent issue of Science [128, 982 (1958)], 
causes me to wonder about the efficacy 
of the journal’s referee system (or that 
part of the editorial procedure used in- 
stead). 





To my knowledge, echolocation in « 
marine animal was experimentally “dem- 
onstrated for the first time” by W. E. 
Schevill and B. Lawrence of Harvard 
University and the Woods Hole Oceano- 
graphic Institution. Their paper, ‘“Food- 
finding by a captive porpoise (Tursiops 
truncatus) ,” appeared as No. 53 of Brev- 
iora in April 1956 and is discussed at 
some length in one piece of literature 
Kellogg cites (Donald R. Griffin’s Lis- 
tening in the Dark). 

Ricuarp H. Backus 
Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts 


I am sorry about the omission of a 
reference to the Schevill and Lawrence 
paper (1) from my recent article in 
Science. The omission was entirely my 
responsibility and not that of the editors 
of Science. It would have been better to 
have included it. However, whether the 
Breviora article actually “demonstrates” 
anything is a matter of opinion. In a way 
it is regrettable that Backus has raised 
the issue, for this leaves me no alterna- 
tive but to point out why the Breviora 
paper fails to prove echolocation, and 
consequently why the omission was not 
really a serious one. 

It is a basic rule of good research that 
the variables involved must be properly 
controlled. This becomes particularly im- 
portant in a difficult field involving a 
unique perceptual avenue like echoloca- 
tion. Under these circumstances we are 
quite unable to see how leaning over the 
side of a small boat and feeding fishes 
to a porpoise by hand can be construed 
as “demonstrating echolocation.” Of 
course Schevill’s porpoise found the fish 
which he offered, as the title of his ar- 
ticle indicates, but from the descriptions 
given it is impossible to tell what method 
the porpoise employed to locate the bait. 
Almost any animal—marine or other- 
wise—will seek and find food which is 
near it. 

To determine whether a porpoise re- 
acts to the echoes of its own noises, one 
should certainly not introduce extraneous 
auditory signals which might help guide 
the animal to its goal. Slapping the water 
upon the insertion of the fish—a practice 
followed in a good deal of the work re- 
ported in the Breviora article—is the 
very thing not to do. It simply confuses 
the issue by telling the animal where (or 
where not) to go. 

Even more serious is the failure to 
eliminate crucial visual stimuli. Not only 
can porpoises see through the water and 
in the air, but they also view objects in 
the air from a swimming position be- 
neath the surface of the water. Since no 
visual screening was employed in the 
Breviora study, there would seem to be 
no reason why the animal could not have 
observed the movements and postures of 
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The Origins and Affinities of the 
Land and Freshwater Fauna 
of Western North America 


Geographic Distribution of 
Contemporary Organisms 


In England: 
Bailey Bros. & Swinfen, Ltd., 
Hyde House, West Central Street, 
London W.C.1 


AAAS 


1515 Mass. Ave., NW, 
Washington 5, D.C. 














Get UNITRON's FREE 





Observer's Guide and Catalog on 


ASTRONOMICAL TELESCOPES 


This valuable 38-page book 
is yours for the asking! 


With artificial already | and space 
travel almost a reality, astronomy has become today’s 
fastest growing hobby. Exploring the skies with a tele- 
scope is a relaxing diversion for father and son alike. 
UNITRON's handbook contains full-page illustrated 
articles on astronomy, observing, telescopes and acces- 
sories. It is of interest to both beginners and advanced 
amateurs, 


tallit hed 











Contents include— 


e Observing the sun, 
moon, planets and 
wonders of the sky 


Constellation map 

Hints for observers 
Glossary of telescope terms 
How to choose a telescope 


Amateur clubs and research 
programs 


eoeevee 


INSTRUMENT DIVISION 
204-206 MILK 


of UNITED SCIENTIFIC CO. 
STREET * BOSTON 9, MASS. 


Please rush to me, free of charge, UNITRON's new Observer's 
| Guide and Telescope Catalog. Dept. 4 02 
Name 








i Street 
City 
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CLASSIFIED: 25¢ per word, minimum 
charge $4.25. Use of Box Number 
counts as 10 additional words. Pay- 
ment in advance is required. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 


Single insertion 
| 13 times in 1 year 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 


Replies to blind ads should be addressed 
as follows: 
Box (give number) 
Science 
1515 Massachusetts Ave., NW 
Washington 5, D.C. 


$26.00 per inch 
24.00 per inch 




















| 
| iiliii| PostTt0NS WANTED |i 


Bacteriologist-Biochemist, Ph.D. Varied research 





| 
experience; bacterial metabolism, lipids, radio- 
isotopes; publications, research fellow, 
| NRC research associate. Desires position, prefer- 
| ably academic. Box 51, SCIENCE. X 
Biochemist- Microbiologist, Ph.D. Married, fam- 
| ily, veteran, age 31. Experience: Analytical 
| methods, intermediary metabolism of microor- 
| ganisms, industrial experience. Desires respon- 
| sible position in industry or teaching position 
| with Ly " eetanitmaaied for research. Box 57, 
| SCiENC X 
Dinctietist, ‘Ph.D., 36; widhate heelery and 


endocrinology. Desires to relocate on West 
Coast (excluding Los Angeles). Teaching and 





epeerath: independent research experience. Box 
» SCIENCE. 3/13 
Botanist-Biologist, 45 ; Cornell Ph.D., 1951; 8 


years’ experience in southern state university : 
mena, general biology, plant taxonomy, ecol- 


ogy; AEC ‘research contrac ots : floristics, ecol- 
cgy, isctopes. Publications. Box 52, SC [ENC E, 
M.D., Ph. D. takes dstaaee) ), 32. American, mar- 


ried, now completing internship, desires career 
in postclinical investigation. Broad interests ; 
would enjoy some feasting. No military Fae or 
tions. Box 56, SCIENCE. 3/20, 27; 4/3 





Microbiologist, Ph.D.; biochemistry minor. Pub- 





lications, experience. Desires teaching-research 
position. Box 55, SCIENCE. x 
Ph.D., D.V.M., nutrition and biochemistry. Re- 


search and teaching experience in university and 
iaboratory. Seeking essentially ee position. 
Prefer Southeast. Box 53, SCIENCE xX 





Plant Pathologist-Mycologist desires teaching 
and/or research position. Ph.D., teaching and 
research experience; publications in several jour- 
nals; minimum salary $9500. Box 58, SCI- 
ENCE, x 





Research Administrator; Ph.D. (major, organic 
chemistry; minors, pharmacology and_ toxicol- 
ogy); broad experience as director of research 
and "development. Medical Bureau, Burneice 
Larson, Director, 900 North Michigan Avenue, 
Chicago. xX 
Veterinarian, experienced in microbiological tech- 
niques, presently at a medical school, desires 
position as director of — animal labo- 
ratory. Box 54, SCIENCE. 











Virologist; Ph.D., 30. Tissue culture and vac- 
cine research. Strong background in biochem- 
istry and cell physiology. Publications. Academic 
or industrial. Box 46, SCIENCE. 3/13 











MI l| POStrxONS OPEN |i 





Anatomist. Instructor to teach gross anatomy 
one semester. Remainder of year for research, 
Position permanent. Initial salary $6000. Send 
curriculum vitae, photograph, and two references 
to Chairman, Department of Anatomy, Univer- 
sity of Louisville School of Medicine, Louisville 


2, Kentucky. 3/20 





The University of Alberta invites applications 
for a position in the Department of Animal Sci- 
ence as Assistant Professor. The starting salary 
will be between $6000 and $7700 according to 
qualifications and experience; excellent prospects 
ior advancement. Postgraduate education equiv- 
alent to the Ph.D. is required. Duties, to com- 
mence between 1 May and 1 September 1959, 
include research in fundamental and applied 
nutrition with dairy cattle, teaching, and limited 
extension work. 

Applications, accompanied by a recent photo- 
graph and giving age, nationality, and other per- 
sonal information; academic qualifications and 
experience; list of publications and names and 
addresses of three references, should be ad- 
dressed to the Head, Department of Animal Sci- 
ence, pay repr of ‘Alberta, Edmonton, Alberta, 
Closing date: April 1959. 2/27 ? Shae 





Assistant or Associate Professor to develop a 
curriculum in electrical engineering and eventu- 
ally be chairman, in a private engineering school 
in northern California college. Send detailed 
résumé, references, recent photo, state salary to 
Box 39, SCLENCE 2/27; 3/6, 13 





Biochemist or Physiologist. Biochemist or physi- 
ologist with biochemical orientation to partici- 
pate in studies on cardiovascular-renal physiol- 
ogy. Experience in tissue analysis and isotope 
techniques desirable. May Institute, 421 Ridge- 
way Avenue, Cincinnati 29, Ohio. 3/6, 4/3 





(a) Medical Consultant qualified to promote ef- 
fective projects including medical educational 
programs; would work closely with divisions 
throughout West; preferably someone with 5 
years’ practice; $12,000-$15,000. (b) Instructor 
in Microbiology and Immunology; duties con- 
sist of participating in teaching Program for 
medical students and research; starting salary 
about $7000; Midwest. (c) Ph.D.’s in Biochem- 
istry and Pharmacology; experience in proteins 
helpful but not essential; latter should be ex- 
perienced in physiology and pharmacology ; both 
candidates should possess administrative experi- 
ence; starting salary $14,000. S3-2 Medical Bu- 
reau, Burneice Larson, Director, 900 North 
Michigan Avenue, Chicago. XxX 





New World-Wide Graduate Award Directories 
for American scientists, teachers, librarians to 
subsidize their education and research. Stipends 
$200-$10,000. Volume I (1957), $3; volume Il 
(just published, no duplication), $3; both vol- 
umes, $5. Limited editions. Complete, specific 
information on 400 awards in United States and 
overseas in each volume. CRU <i Sci., Box 
99, Station G, Brooklyn 22, N.Y eow 








PHARMACEUTICAL 
CHEMIST 


Tablet Research & Development 


Young Ph.D.-level chemist, with 2 to 3 
years’ industrial experience in tablet re- 
search and development, to supervise 
tablet section in our Pharmaceutical De- 
velopment Department. 

In confidence send complete résumé and 
salary requirements to Personnel Director 


SCHERING CORP. 
60 Orange St. —- Bloomfield, N. J. 





























ii| POSITIONS OPEN |i 





Anatomist with training and interests in pathol- 
ogy to head new section on comparative pathol- 
ogy in medical research institute. Opportunity 
for academic affiliation with restricted teaching 
responsibilities. Central states location. Box 49, 
SCIENCE 3/13 











Three Physical Science Positions. One Ph.D. 
with 1esearch and teaching experience to head 
Department of Physics, starting salary $10,000- 
$11,000 for 11 months. One teacher each in 
chemistry : nd physics, M.S. to Ph.D., salary de- 
pendent on M ukcotion’ Start September 1959, 

. Gould, Northern Illinois University 
DeKalb, Illinois. 
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— | Mili POStTIONS OPEN || Ill PROFESSIONAL SERVICES || 
Physiologist, cellular and general, secondary in- LABORATORY SERVICES 
terest botany or bacteriology, strong ara 7” WISCONSIN for the FOOD, FEED, DRUG and 

TT ag po gna ig y Pn nth ALueNne CHEMICAL INDUSTRIES 

Hl with good facilities teaching and research. Apply Bama? Toricity Studies, Iesecticide, Testing 

“ Chairman, Science Department, Western Wash- and Screening, Flavor Evaluation. 
ington College, Bellingham, Washington. x , 

= Project Research and Consultation 

ch, 

ond Plant Pathologist; Ph.D. to be project leader of ‘ P m 7 

ee fungicides and nematocides laboratory whose pri- BOOKS + SERVICES + SUPPLIES + EQUIPMENT “—. png Ad Price be cg Wis | 

rer- mary ao is 4 cae oe for ce Mad! e 4 

ill new candidate pesticides 1ochemistry, tungus - . 

100 physiology, and/or plant physiology are desir- DISPLAY: Rates listed below—no ee 

for Box number. Monthly invoices will 

ier able minor disciplines which aid the professional be sent on a charge account basis — LV 7-Vie Gee ny -4-1-11-3- 10) 
biologist in contributing to successful synthetic rovided that satisfacto: amt is 

ons research program. Write Research Director, pice ne A ry LABORATORY 

>Cl- _—— Chemical Division, Middleport, New Single Solarian $26.00 per inch 

v4 York, for application for employment blank. _ 18 dimes in } year 24.00 per inch oie 

sets ; 26 times in 1 year —-23.00 per inch F 

ave 52 times in 1 year 22.00 per inch Drug Evaluation, Food Additive Studies, 

»m- Research and Teaching Assistantships in anat- For PROOFS on display ads, copy must 

59, omy are available to qualified persons to study reach SCIENCE 4 weeks before date 

lied toward the Ph.D. degree. A background in bio- of issue (Friday of every week). Si 

ited logical sciences with some chemistry is desirable. Ww. 

—— —— at Leteggy he ge Rb J Heed of 

»to- natomy Department, College o edicine, Uni- 

per: versity of Florida, Gainesville, Florida. - —— Ee GE GE GE GE GE Ge ee ee ee ee eo 

and 2/27; 3/6; 13 

and 

. 

i Research gee pe _— or “> Cometantons | USE THIS EASY SELF-MAILER to obtain 

person with good college record in chemistry an 2 « 

or willingness to learn. Desired for work on the further information 

- og So — emplo oe biochemical 

BAEK and iophysical techniques. alary consistent 

pa with wed ead NE ek So | 13 March 1959 

ntu- sity. Box 43 

hool ? 

iled e 
SCIENCE TEACHERS, LIBRARIANS, AD- : 

y '$ | MINISTRATORS urgently needed for’ posi- eaders ervutice 

r tions in many states and foreign lands. Monthly 

—- non-fee Fy creer hg Poses 1952 aves a j I f ‘ R a 

1ysi- plete jo ata, salaries. embers’ qualifications 

tici- and vacancies listed free. 1 issue, $1.00. Yearly n ormation equisition 

siol- (12 issues) membership, $5.00. CRUSADE, 

- ee ; It’s simple: Mark—Clip—Fold—Mail—No stamp required 

4 3 . . ege, 

ets UNIVERSITY OF ALBERTA This coupon ‘is for your convenience—to facilitate your requests for further 

Faculty of Agriculture information about advertised products and items in Equipment 

e ef- Applications are invited for a position in the P quip ° 

‘onal department of plant science as Assistant Profes- 

ions sor of Plant Pathology. The starting salary will From: 

th 5 be between $6000 and $7000, depending on qual- 

ictor ifications and gee on and there ae — 

" opportunities for advancement. ‘ostgraduate sas 
"a education equivalent to the Ph.D. in plant peth- NN icc SOREN as wwe bk Oe WO iad oo 4 ca ciate 
lary ology and related fields is required. The person 
hem- appointed will be expected to assist in the teach- 
teins ing of plant pathology, in general plant patho- MPN Sl ah ais 55k 65s kanes a wie «aie Soreateree Catt oe ee o- 
ex: logical work, and in the development of a stron 
both program of research. Excellent laboratory, field, 
peri. | and greenhouse research facilities are available. EE, ee ee fon Fo 
Bu- Applications, accompanied by a recent photo- 
lorth graph w iving age, ney. _ other 
q personal information; academic qualifications * 
X El experience: let of publications and mamees | MN. o55.o esther Rises cus ae baat WOON a x's ce 5 eee 
and addresses of three references, should be sub- ease prin or type 
ories sean So the aa hein Bes of ~— Sci- Mark. ef FOLD HERE al bie | , 
t ence, University o erta monton, erta, r ip coupon— ng this line—mai' 
ends | Canada. Closing date: 1 May 1959. 3/6, 13 | —— tate ' 
C0 0 a OE tne 

vol- A 

ecite | ill F10 waxes ill { “3 
> an 

Box The Botany Department, University of Western 

eow Ontario invites applications for two posts (1) a Postage Stamp 
National Research Council postdoctoral fellow- 
ship in pathology, na pehysiclogy, or cy- Necessary 
tology. Annual stipend $3700-$4500. Tax free. If Mailed in the 
Travel allowance. (2) A pratafohaese fellowship “ 
for study of microorganisms involved in cellulose United States 
decomposition. Annual stipend $2500. - lica- 
tions with curriculum vitae and names wr 
teferees should be sent promptly to D. G. 
son, Acting Head, Department of Botany, Vat. | 

t versity of Western Ontario, London, anada, BUSINESS REPLY MAIL 
/2 

3 ‘ First Class Permit #12711 New York, N.Y. 

fe- 
ise 
e- FLUORIDATION AS A : 
_, | | | PUBLIC HEALTH MEASURE Readers’ Service 
tor Editor: James H. Shaw 
J SCIENCE MAGAZINE 
Price $4. eee yo prepaid 
order price 

J. 240 pp., 24 illus., index, clothbound, 1954 j Room 740 

This volume offers a comprehensive con- 

s — # = a knowledge a the 1 West 42 Street 

Ph.D. relation o! uoride ingestion to human 
head health. The eminent an of each | New York 36, New York 
),000- of the 21 authors should inspire confidence 
ch F.. in the unbiased authenticity of the contents. 
ry de- 
1959. AAAS i 
a 1515 Mass Ave., NW, Washington 5, D.C. 1 Fasten Here Only 
—_— Staple, Tape, Glue 
L. 129 13 MARCH 1959 733 
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||| SUPPLIES AND EQUIPMENT ||| 








AUTHORS! ATTENTION! 


Should our editors approve your MS, our 
cooperative contract offers many advan- 
tages. All subjects considered. Scientific and 
technical book m ipts especially wel- 
come. 
Send your book manuscript to 
CLAYTON PRESS, Att.: Mr. Jones 
507 Fifth Ave., N.Y. 17, N.Y. 








Sprague-Dawley, Inc. 
Pioneers in the development of the 
standard laboratory rat. 
Sprague-Dawley, Inc. 

P.O. Box 2071, Madi: 5, Wi 
Phone: CEdar 3-5318 


























[SUPPLIES AND EQUIPMENT | 


BACTERIOLOGICAL AND_ GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 
HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 








HISTOLOGY 
for 
Industry anil Research 
GEORGE L. ROZSA, M.D. 


143 Linwood Ave. Buffalo 9, New York 
GRant 7165 














1919 - 1959 
LaMotte Chemical 
Chestertown, Maryland, U.S.A. 
Specialists in 
Colorimetric Techniques 
Reagents-Standards-Comparators 
Send for iflustrated 


Controls Handbook Dept. H 

















a ie Socies 


Information Requisition 


Use this easy self-mailer to obtain further information about 


items or literature from the Equipment section as well as from 


advertised products. 


EQUIPMENT 


Circle below desired number corresponding to: 


680 682 685 686 
692 694 695 


ADVERTISERS IN THIS ISSUE 


In list below, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters (A, B, C) are 
used to indicate particular items available in order of appearnce in advertise- 
ment. Where more than one ad appears on page, ‘‘U”’ indicates upper ad, “*L”’ 
lower ad, “‘l’”’ inside ad, ‘“‘M’’ middle ad, and “O” Outside ad. The covers 
are designated by IFC (inside front cover), IBC (inside back cover), and 
OBC (outside back cover). Advertisements in Personnel Placement and 
Market Place are not keyed. A multiplicity of items is indicated by *. Readers 
are requested to specify on this coupon the particular item in which they are 
interested; otherwise, the request cannot be processed. 


Orc 0 683* 0 684,A 0 684,B 0688 
0724 0725,Ul [725,U0* (725,L0 [)726,A 
0 726,68 0727,1-A 727,1-B (727,1-C (727,0 
0 728,u0* [(728,Ul (728,L0 (728,LI 0729 
0730, A C0 730, B 0 730,¢ 0 731, U 0 731,LM 
0731,L0* (732,L0 [IBC — oBc 

734 


687 688 689 691 
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PURINES 


other High Radiopurity tagged compounds 


ISOTOPES INC 














MICE 


C.F.1 1.C.R DESCENDANTS 


GREEN HILLS FARM 


White Sulphur Springs, New York 
Tel.: Liberty 25-M2 Robert Mitcheli 












HI, BOOKS AND MAGAZINES Il 


Your sets and files of 


scientific journals 
are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
 egean se files you are eg to sell at high mar- 
et prices. Write Dept. A3S, CANNER'S, Inc 











Sets, Runs and Volumes bought at top prices. 
————_——-__ Your wants supplied from 
our Back Files of over 3,000,000 periodicals. 
Abrahams Magazine Service; N. Y. 3, N. Y, 








26th WRITERS’ CONFERENCE 

in the Rocky Mountains 

JULY 20 to AUGUST 7 
Outstanding staff, including Harold Walton, 
A. B. Guthrie, Jr., Walker Gibson, Stewart Hol- 
brook, William Peden, Ellingwood Kay, Shan- 
non Garst, and Virginia Sorensen. Write Mar- 
garet Robb, Director, McKenna 43, University 
of Colorado, Boulder, Colorado. 











ADVANCES IN 
EXPERIMENTAL CARIES 
RESEARCH 


Editor: Reidar F. Sognnaes 
Price $6.75; AAAS Members’ prepaid 
order price $5. 

246 pp. 49 illus., index, clothbound. 1955 
This is the first monograph specifi- 
cally devoted to data from the experi- 
mental production and prevention of 
tooth decay in laboratory animals. 
Twenty distinguished investigators, 
representing dentistry and _ allied 
basic sciences, report and review 
their researches. Unusually well or- 
ganized, the book represents a co- 
herent sequence, and is skillfully 
summarized by the editor in a final 
chapter, followed by very detailed 
subject and author indexes. 


AAAS 
1515 Massachusetts Avenue, NW 
Washington 5, D.C. 
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Boston 20, Massachusetts § 


SCIENTIFIC JOURNALS WANTED 
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IR-5 Spectrum 
of Benzaldehyde_ °*: 


WAVELENGTH IN MICRONS 


at’s missing in this Infrared Spectrum of Benzaldehyde? Benzoic acid impurities, of course! 
Pure benzaldehyde has always been difficult to prepare and even more difficult to analyze before it 
decomposes. But now, this problem can be solved by combining a GC-2 Gas Chromatograph and an IR-5 
Infrared Spectrophotometer into one analytical system. The GC-2, with Fraction Collector, isolates the 
pure fraction which is then transferred to an IR-5 microcell for analysis. In just sixteen minutes the IR-5 
produces this complete 2-16 micron spectrum of benzaldehyde. % These Beckman instruments allow 
complete separation and positive identification of samples as small as 0.0002 cc...both quantitative and 
qualitative analyses of organic mixtures...with speed and accuracy.To learn more about the high-temper- 

ature GC-2 and double-beam IR-5, write for Data File 2L-52-33. Backman’ 
Scientific and Process | Instruments Division 


Beckman Instruments, Inc. 
2500 Fullerton Road, Fullerton, California 
It’s a Fact: Beckman portable oxygen analyzers used with hospital incubators help prevent Retrolental Fibroplasia, a 
disease of premature infants which is caused by excess oxygen and can lead to partial or complete blindness. 
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Multi-exposure shot showing “PERMANENT” mounted prism being 
crashed into a piece of wood. Bond was not affected in any way. Your AO 
Sales Representative will perform this demonstration right before your eyes. 


YOU CAN PAY MORE 
BUT YOU CAN'T BUY BETTER 


AMERICAN-MADE AO SPENCER CYCLOPTIC 
STEREOSCOPIC MICROSCOPES START 
AT A LOW $202.50* ... 


This stroboscopic photograph shows the amaz- 
ing holding power of the specially developed 
“PERMANENT” bonding agent used to 
mount prisms in the new AO Spencer Cyclop- 
tic Stereoscopic Microscopes. 


This method of prism mounting means you 
can put your Cycloptic to extreme use...attach- 
ment to a vibrating production machine, rough 
and tumble field trips, even years of student 
handling...and still be assured of positive, per- 


manent prism alignment. 


This careful attention to detail is typical of the 
thoroughness that marked every step of the 
development of this instrument. Enthusiastic 
users tell us we have achieved our goal of top 
quality at a low, low cost. 


The entire AO Spencer Stereoscopic story is 
yours for the asking. Mail coupon below for 
handsome 36 page brochure which gives com- 
plete specifications. 


*Model 56F-1, in quantities of 5 or more 


American Optical 
Company 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


o 


SPENCER 


SS DS Oe ae ee ee SS Oe Oe Oe Oe eS Oe Oe Oe Oe ee SO Oe oe a eo 


Dept. O-2 
Gentlemen: 
Please send me AO Spencer Cycloptic Brochure $B56-856. 


Name 





Address 





City. Zone. State. 











